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This  high  schcol*postsecondary-leveX  ccur^e  for 
avionics  instrument  systems  specialist  is  one  of  a  number  of 
sllitary-develcped  curriculum  packages  selected  for  adaptation  to 
vocational  instruction  and  curriculum  development  in  a  civilian 
setting*  A  plan  of  Instruction  outlines  five  blocks  of  Instruction  ^ 
(291  hours  of  instruction)*  Block  1,  Aircraft  Maintenance 
Fundamentals,  includes  programmed  tests,  handout,  and  workbook  on 
four  topics:  Aircraft  Familiarization,  Avionics  Safety,  Avionics 
Maintenance  fundamentals.  Pressure  Sensors*  Block  2,  Engine 
Instruments,  contains  programmed  texts,  vorkbooks,  and  handouts  on 
nine  topics:  Position  Indicating  Systems,  pressure  Indicating 
Systems,  Tachometer  Systems,  Temperature  Indicating  Systems,  Fuel 
Plov  Indicating  Systems,  Engine  pressure  Batlo  Indicating  Systems, 
Eeslstance*Type  liquid  Quantity  System,  Capacitance  liquid  Quantity 
system.  Vertical  Scale  Engine  Instrument  Systems*  Block  3,  Flight 
Instruments,  contains  programmed  texts,  vorkbooks,  handouts,  and 
vorksheets  on  five  topics:  Pilot-Static  Systems  and  Instruments, 
Automatic  Altitude  Beporting  System,  Accelerometers,  Flight  Data 
Eecorders,  Air  Data  Computer  Systems  and  Vertical  scale  Flight 
Instruments)*  Block  4,  Integrated  Flight  and  ttavlgatlonal 
Instruments^  Includes  programmed  texts,  vorkbooks,  and  handouts  of 
five  topics:  flight  Instruments,  Direct  Beading,  Altitude  Heading 
JSejEerjence^an^^  - 
Calibration*  Block  5*  Flight  Director  Systems,  contains  a  programmed 
text,  handouts,  and  vorkbcok*  (fLB) 

♦  Beproductlons  supplied  by  EDBS  are  the  best  that  can  be  made  * 

*  from  the  original  document*  * 


MrUTRKT  CORRICUUIM  JCOERiaiS 


The  military-developed  arariculum  materials  ui  this  course 
padcage  were  selected  by  the  National  Center  for  Feseaxch  ut 
Vocatioaial  Etiication  Military  Ourriculum  Project  for  dissean- 
ination  to  the  six  regional  Curriculum  Coordination  Centers  and 
other  instructional  materials  agencies.   The  purpose  of 
disseminating  ttiese  courses  was  to  make  corriculuiR  materials 
developed  by  the  military  m3re  accessible  to  vocational 
educatx>rs  in  the  civilian  setting. 

TSie  course  materials  were  acquired,  evaluated  by  project 
staff  and  practitioners  in  the  field,  and  pr^>ared  for 
disseirdnation.  Materials  which  were  specific  to  the  idlitary 
were  deleted^  copyrighted  materials  were  either  omitted  or  appro- 
val for  their  use  was  obtained.   These  course  packages  contain 
curriculum  resource  materials  uhidi  can  be  adapted  to  support 
TOcaticnal  instruction  and  curriculum  defvelOEinent. 
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The  National  Center  for  Research  in 
Vocationa!  Education's  mission  is  to  increase 
the  ability  of  diverse  agencies,  institutions, 
and  organizations  to  solve  educational  prob- 
,  lems  relating  to  individual  career  planning, 
preparation,  and  progression.  The  National 
Center  fulfills  its  mission  by: 

«  Generating  knowledge  through  research 

•  Developing  educational  programs  and 
products 

•  Evaluating  individual  program  needs 
and  outcomes 

•  Installing  educational  programs  and 
products 

•  Operating  information  systems  and 
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What  Materials 
Are  Available? 


How  Can  These 
Materials  Be  Obtained? 


an  activity  to  increase  the  accessibility  of 
miiitary'de\«loped  curriculum  materials  to 
vocational  and  technical  educators. 

This  project,  funded  by  the  U.S.  Offtce  of 
Education,  includes  the  identification  and 
acquisition  of  curricufum  materials  in  print 
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Army,  Marine  Corps  and  Navy, 


One  hundred  twenty  courses  on  microfiche 
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Curriculum  Coordination  Centers  ar)d  other 
instructional  materials  agencies  for  dissemn 
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Course  materials  include  programmed 
instruction,  curriculum  outlines,  instructor 
guides,  student  workbooks  and  technical 


Contact  the  Curriculum  Coordination  Center 
in  your  region  for  information  on  obtaining 
materials  (e,g.,  availability  and  co$t)«  They 
will  respond  to  your  request  directly  or  refer 
you  to  an  instructional  materials  agency 
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«l    AVIONICS  INSTRUMENT  SYSTEMS  SPECIALISE  *^  ^ 

C3ABR32531 

Cdurse  Description  * 

This  course  Is  designed  to  train  students  to  perform  duties  as  an  Avionics  Instrument 
fSystems  Specialist.    It  Includes  operational  checks,  adjustments,  minor  repairs, 
periodic  Inspections,  and  line  and  shop  maintenance  of  Instruments  and  Instrument 
systems  necessary  for  the  operation  and  navigation  of  aircraft.    Emphasis  Is  given 
to  basic  troubleshoo*:lng  procedures,  adjustment,  and  calibration  of  engine  Instruments, 
fuel  flov  and  liquid  qixantlty  Indicating  systems,  air  pressure  operated  flight  Instruments, 
electronic/transistorized  central  air  data  computers,  gyro  operated  flight  Instruments, 
magnetic  compasses  and  flight  directors.    This  course  Is  divided  Into  five  blocks  containing 
281  hours  of  Instruction. 

Block  I  -    Aircraft  Maintenance  Fundamentals  contains  four  lessons  covering  32  hours 

of  Instruction.    Printed  materials  Include  six  programmed  texts,  one  handout, 
and  one  workbook.    Lesson  topics  are: 

Aircraft  Familiarization 

Avionics  Safety 

Avionics  Maintenance  Fundamentals..     ...   *   .    .  ,^  . 

Pressure  Sensors 


Block  II  *  Engine  Instruments  contains  nine  lessons  covering  74  hours  of  instruction. 

Printed  materials  Include  nine  programmed  texts,  nine  workbooks,  and  two 
handouts.    Lesson  topics  are; 


Position  Indicating  Systems 

Pressure  Indicating  Systems 

Tachometer  Systems 

Temperature  Indicating  Systems 

Fuel  Flow  Indicating  Systems 

Engine  Pressure  Batlo  Indicating  Systems 

Resistance- Type  Liquid  Quantity  System 

Capacitance  Liquid  Quanlty  System 

Vertical  Scale  Engine  Instrument  Systems 


Block  III-  Flijght  Instruments  contains  five  lessons  covering  73  hours  of  instruction. 

Printed  materials  Include  eigjit  programmed  texts,  five  workbooks,  four  hand- 
outs, and  one  worksheet.    Lesson  topics  are: 

Pltot*Statlc  Systems  and  Instruments 
Automatic  Altitude  Reporting  System 
Accelerometers 
Flight  Data  Recorders 

Air  Data  Computer  Systems  and  Vertical  Scale  Flight  Instruments 

Block  IV  -  Integrated  Flight  and  Navigational  Instruments  contains  five  lessons  covering 
74  hours  of  instruction.    Printed  materials  include  s±x  programmed  texts,  five 
workbooks,  and  two  handouts.    Lesson  topics  are: 


Flight  Instruments 

JDli^ct ^Reading       .    _.. 

Attitude  Heading  Reference  and ^G^^  l^gnetlc  Compass  Systems 
MC-1  Compass  Calibration 

Block  V  -    Flight  Director  Systems  contains  one  lesson  covering  28  hours  of  instruction- 
Printed  materials  include  one  programmed  text,  two  handouts,  and  one  work- 
book. 
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UNAVAILABLE  MATERIALS 


The  following  materials  were  unavailable  from  the  Air  Force: 

3ABR32531-HO-301»  Pitot-Static  System  Schematic 
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CHANirrE  TECHNICAL  TRAINING  CENTER 
3X  October  1078 -Effective  3X  October  X978  with  class  780905 


DEPARTMENT  OF  THE  AIR  FORCE 

Chanute  Technical  Training  Center  (ATC) 

Chanute  Air  Force  Base,  Illinois  61868 


PLAN  OF  INSTRUCTION  C3ABR32531  000 

(PDS  Code  KCL) 
31  October  1978 


FOREWORD 

*  1.      PURPOSE:    This  publication  is  the  plan  of  Instruction  (POI)  when  the 
pages  shown  on  psge  A  are  bound  Into  a  single  volume.    The  POI  contains  the 
qualitative  requirements  for  course  C3ABR32531  000,  Avionics  Instrument 
Systems  Specialist,  In  terms  of  criterion  objectives  for  each  unit  of 
Instruction  and  shows  time,  training  standard  correlation,  and  support 
materials  and  guidance.    When  separated  into  units  of  Instruction,  It  becomes 
the  lesson  plan/Part  I.    This  POI  was  developed  according  to  AFR  50-8, 
Instructional  System  Development,  and  ATCR  52*6,  Curriculum  Documentation. 

2*      COURSE  DESIGN/DESCRIPTION:    The  Instructional  design  for  this  course 
is  Group/Lock  Step*    Training  consists  of  technlcsl  training  and  military 
training.    In  technical  training,  the  course  trains  airmen  to  perform 
dutiea  prescribed  In  AFR  39-1  for  Avionics  Instrument  Systems  Specialist, 
AFSC  32531.    It  Includes  operatlonsl  checks,  adjuatments,  minor  repairs, 
periodic  inspections,  and  line  and  shop  maintenance  of  instruments  snd 
instrument  systems  necessary  for  the  operation  and  navigation  of  aircraft* 
Fundamentals  of  electronics,  the  physics  of  mechanical  systems,  and  physics 
of  the  atmosphere  are  also  Included*    Enphasls  Is  given  to  basic  trouble^ 
shooting  procedures,  adjustment,  and  calibratloh  of^ engine  Instruments,  fuel 
flow  and  liquid  quantity  Indicating  systems,  air  pressure  operated  flight 
instruments,  electronic/transistorized  central  air  data  computers,  gyro' 
operated  flight  Instruments,  magnetic  compasses  and  flight  directors.  The 
operation  and  use  of  test  equipment,  such  as  air  pressure  operated  barometers 
and  manometers,  electric  meters,  and  special  test  sets  that  are  uaed  for 
checking  and  calibrating  instruments  and  instrument  systems  are  covered. 
In  addition,  military  training  Is  provided  on  driver  education,  troop 
information  program,  commander's  calls,  and  physical  conditioning,  etc. 

3.      REFERENCES:    This  POI  Is  based  on  Specialty  Training  Standard,  325X1, 
March  1977,  and  Course  Chart  C3ABR32531  000,  12  October  1978. 


FOR  THE  COMMANDER 


E*  MINER  rJR*.  glSlonel,  USAF 
Commander,  3360  Technical  Training 
Group 


Supersedes  Plan  of  Instruction  C3A&R32531  000,  1  September  1978. 
OPR:    3360  Technical  Training  Group 
DISTRIBUTION:    Listed  on  Psge  A 
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PLAN  OP  IHSTRUCTlON/tESSON  PLAN  PART  1 

-insnrmfm^m  :  j  couh«titu7  

■LOCK  Tin-c 

Aircraft  Malntenanc*?  VntiHamtififal  c 

K                                                        COUHU  CONTEHT 

1  TIME 

3*     Aircraft  Familiarization 

Without  reference*  select  facts  concerning  aircraft 

a«     structural  areas  and  systems*    STS:    9c^  Meas:  W 

b*     principles  of  flight  and  functions  of  flight  controls* 
STS:    9b   Meas:  W 

c.      types  and  distinguishing  diaracterlstlcs*    STS:    9a   Meas:  W 

SUPERVISOR  i^PftOVAt  Of  LBSSM  PLAM 

UCMATUKC  AMO  DATE 

StCMATUKCAMDSATC 

POl  NUMtCn  ptoot 

C3ABR32531  000  r 

UNIT               OATC                                         I  PAOKNO. 

103           31  October  1978       .  |  5 

ATC  juH^i     133  puivious  coition  owlctc 


COURSE  CONTENT 


SUPTORT  MATRRULS  AND  GUIDANCR 

Student  Instructional  Materials 
3ABR32531*PT^I03,  Aircraft  Familiarization 
3iABR32531^HO-100 

Audio  Visual  Aids 

Transparencies,  Aircraft  Familiarisation 

Train Ing  Me  thods 
Lecture/Discussion  (4  hrs) 

Instructional  Guidance 

Using  H0**100  and  transparencies,  discuss  aircraft  familiarisation.  Stress 
types  and  distinguishing  characteristics,  principles  of  flight,  flight 
controls,  and  structural  areas  and  systems. 


FOX  C3ABR32531  000 


31  October  1978 
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PLAN  OP  m$TRUCT(OK/LESSON  PLAN  PART  1 

OOUNIt  TITLC 

Av  LoiiLcs 'Itmtriiinont  SyHtrmw  Siht  l.st 

•LOCK  TITLC. 

Aircraft  Maintenance  FundamentaLs 

K                                                           GOURSi  CDHTCHT 

4,     Avionics  Safety 

Without  reference^  select  statements  concerning; 

a»      Principles  and  objectives  of  ground  safety*    STS:    3a   Meas;  W 
b*     Precautions  around  aircraft  danger  areas*  STS;  3^^  Meas:  W 

c*      Principles  of  hazards  of  high  Intensity  sound  and  protective 
neasures*    STS:^  3b    Meas:  W 

d.      Facts  about  marking  of  radioactive  parts  and  material* 
STS:    3d    Meas:  W 

e*      Facts  about  radiation  hazanls*    STS:    ^   Meas:  W 

f  *      POD  control.    STS:    Jh    Meas:  W 

* 

* 

2 

SUrCRVISOR  APPKOVAL  OP  LESSON  PLAM 

NCHATUNEANPPATC 

SICMATUftC  AMO  OATE 

C3ABR32531  000                    |  I 

UNIT  OAre 
104           31  October  1978 

7 

10 

COURSB  CONTRirr 


SU!*WHT  HATKHlAf.R  ANO  CUIDANCK 
f>tu(l<*nt  tn»trtictlonnt  Mattrrtal  5t 


3ABR32'>31-PT-104  (10S)»  Avionlca  Snfoty 
3ABR32531-HO-100 

Audio  Visual  Aids 
Transparency t  Safety 

Training  Methods 
Lecture/Dlscudslon  (2  hrs) 

Instructional  Guidance 

Discuss  avionics  safetyt  Insuring  that  the  students  realise  the  importance  of 
safety*  Point  out  that  safety  Is  an  integral  part  of  maintenance  and  will  be 
stressed  in  future  lessons  ^en  applicable* 


POI  C3A8R32531  000  31  October  1978 
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PLAN  OP  INSTRUCTION/LESSON  PLAH  PARTJ 

1  Avionics  Instrument  Systems  Specialist 

■LOCK  TITUC 

Aircraft  Maintenance  Fundamentals 

K                                                        C0UII5C  OOHTCHT 

1  tlMt 

5*      Avionics  Maintenance  Fundamentals 

Without  reference,  select  statements  pertaining  to: 

a*      Protection  of  exposed  electrical  connectors  and  open  pressure 
lines,    STS:    lOh    Meas:  W 

b*      Removing  and  installing  components*    STS:    lOfi   Hen^i:  W 

c.  Cdrroston  control.    STS:    lOe    Meas:  W 

d.  Use  of  aircraft  hardware.    STS:    IQa   Meas:  W 

e.  Care  and  use  of  handtools.    STS:    lOf    Meas:  W 

f*     Given  a  handtool  trainer,  handtools»  and  a  torque  wrench » 
torque  bolts  to  specified  values  la  accordance  with  procedures  listed 
in  the  applicable  workbook  to  obtain  an  accuracy  of  lOOZ* 
STS:    3c»  3e,  lOf    Meas:  P 

g.  Given  a  handtool  trainer,  handtools*  and  mat;erlals»  accomplish 
safety  wiring  projects  In  accordance  with  procedures  listed  In  the 
applicable  workbook  to  obtain  an  accuracy  of  lOOZ.    STS:    3c,  3e,  10c, 
lOf    Meas:  P 

h.  niven  handtools,  soldering  iron  and  materials,  dembnettrate 
soldering  skills  in  accordance  with  procedures  listed  in  the  applicable 
hforkbook  to  obtain  an  accuracy  of  lOOZ*    STS:    3c»  3e,  10b >  lOf    Meas;  P 

1.     Given  handtools,  crimping  device,  and  materials,  attach 
solderless  connectors  to  electrical  wires  in  accordance  with  procedures 
listed  -ia  Part  II,  Exercise  I  and  IV  of  the  programmed  text  to  obtain 
an  accuracy  of  lOOZ.    STS:    3c»  3e,  lOd ,  IQf    Meas:  P 
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COURSE  CONTENT 


> 
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SUPPORT  MATRRULS  AMD  GUIDAKCE 

Student  Inatroctlonal  Haterlals 
3A8R325'}1*PT-10S»  Kalntenance  F^indareentals 
3ABR32531-PT-105A,  Aircraft  Hardvare 
3A8R32S31*PT*10SB  (108),  Care  and  Use  of  Elandtools 

(Supplement  for  3ABR32531-PT-105B) 
3ABR32S3UPT-^105C,  Special  Tools*  Safetying  Devices*  Soldering  Techniques 

and  Solderless  Connectors 
3A8R32S3UUB"10S,  Special  Tools,  Safatying  Devices*  Soldering  Techniques 

and.  Solderless  Connectors 
3ABR32531-HO-100 

Attdio  Visual  Aids 

AVA  501,  Soldering  and  Soldering  Iron  Preparation 

AVA  S02,  Stripping  and  Crimping 

Transparencies,  Avionic  Maintenance  Ftindamentals 

Training  Eouipaent 
Trainer*  Handtool  (1) 
Trainer*  Hardware  (6) 
Handtools  Set  (1) 
Torque  Wrendi  {\)  ' 
Soldering  Iron  (1 ) 

Crimping  Tool- (I)  * 
Safety  Goggles  (1)         *  - 

Training  Methods 

Lec tu re/D iscu ssion  (14  hrs) 

Demonstration/Performance  (10  hrs) 

Multiple  Instructor  Requiregents 
Safety*  Equipment*  Supervision  (2) 

Instructional  Guidance 

Using  transparencies  and  trainers*  discuss  maintenance  fundamentals*    Stress  the 
Importance  of  using  the  proper  hardware  and  tools  for  the  job»  Provide 
students  with  required  instructional  materials »    Insure  training  equipment  is 
available  and  operable*    Use  Hardware  Trainer  for  clarification  of  stated 
objective*    Answer  students*  questions  and  give  assistance  where  needed* 
Insure  safety  standards  are  maintained  in  the  lab* 

MIRt    One  instructor  can  monitor  6  students* 
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FLM  OF  IHSTRUCTIOK/LISaOH  WLM  PARTI 

oou  Hit  n  tt^^^^^" 


Avlontca^  Ifistrument'  Systems  Specialist 


•LOCK  TITLC 

 Aircraft  Maintenance  Fundamentals 


1* 


COUHtf  CONTCNT 


11*    PrceHsurii  Sensors 

a.      Without  reference,  select  statements  concerning  the  oneratfon  o 
pressure!  sensors*    ST5;    13a    Meas;  W 

(1)  Bourdon  TUbe 

(2)  Diaphragm 

(3)  Aneroid 

(4)  Bellows 


icc«ifse     W/i'-Aory  ^f€<;f'c  Mmhrt^ls. 


iUPtKVISOK  AP»»OVAL  OF  LUMM  PLAM 


ttCNATURE  AHDDATE 


lt6MATUmA>*«t>ATg 


^01  NUMiCfl 

«LOCK  ' 

UNIT 

OATf 

PA«CNO. 

C3ABR32531  000 

I 

111 

31  October  1978 
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  COURSE  CONTENT 


SUPPORT  MATERULS  ANO  GUIDANCE 


Student  Instructional  Materials 
3AaR32531-HO-100 

Audio  Visual  Aids 
Transparencies »  Pressure  Sensors 

Training  Methods 


  ^,  _ 

Lecture/Discussion  (2  hrs) 

Instructional  Guidance 

Using  transparmcles  discuss  pressure  sensors  used  In  aircraft  Instrumentation^ 
Point  out  that  a  good  understanding  now  will  aid  them  throughout  the  remainder 
of  the  course.    After  all  objectives  have  been  met,  collect  all  reusable 
student  materials. 

12     Military  Training  5 

a.  Physical  Conditioning  (4) 

b.  Commander's  Call  (I) 
13.    written  Test  and  Critique  *     '  2 
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I  PLAN  Of  iHSTRUCTION/LtMON  PLAN  PART  I 


Avionics  "Instrument  Svstt'ms  Si>oot;ill.st 


■COCK  ntLC 

Engine  Instruments 

K                                                         COUnSC  OOHTMT 

NOTE:    The  standard  of  perfonoance  for  all  knowledge  criterion 
objectives  Is  the  passing  score  on  the  written  test.  ' 

1.     Position  Indicating  Systems 

a.  Without  references,  select  statements  pertaining  to  the  operate 
of  typical  position  indicating  systems.    STS:    12a    Meast  W 

b.  Given  a  workbook  and  trainers,  perform  an  Inspection  and 
operational  check  of  position  indicating  systems  with  an  accuracy  of 
100%  correct  workbook  responses*    STS;    Se,  t2b    Mens:  P 

c.  Given  a  workbook,  test  equipment  and  trainers,  troiibl Cfshoot 
the  position  indicating  systems  with  an  accuracy  of  100%  workbook 
responses*    STS:    3e,  t2c,  I2e    Meas:  P 

d*     Ciiven' a  workbook,  test  equipment  and  trainers,  bench  check 
components  of  a  position  Indicating  system  with  an  accuracy  of  100% 
workbook  responses*    STS:    3e,  12d.  12e   Meas:  P 

* 
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SUPIH)HT  MATKHtAt*S  AND  GUtDANCK 

Student  In3truct Lonal  Materlalg 
3ABR32331^PT*201«  Position  Indicating  f^ystems 

3ABR32331*W^201         '    Inspection*  Operational  Check*  Troubleshooting*  and 

Bench  Check  of  Position  Indicating  Systems 
3ABR32531*HO-200   Engine  Instruments 

Audio  Visual  Aids 

Transparencies*  Position  Indicating  Systems 
Training  Equipment 

Trainer*  Wheel  Position  Indicating  System  (2) 
Trainer*  Flap  Position  Indicating  System  (2) 
Multlweter  (2) 

Training  Methods 
Lecture/Discussion  (3  hrs) 
Performance  (2  hrs) 

Multiple  Instructor  Requirements 
Safety*  Equipment*  Supervision  (2) 

Instructional  Guidance  , 

Using  transparencies*  discuss  position  indicating  systems*    Provide  students 
with  all  required  instructional  materials*    Provide  assistance  to  the  student 
in  the  laboratory  stations  as  required*    Insure  safety  standards  are  maintained 
and  certify  attainment  of  the  criterion  objectives*    Where  feasible*  shut  off 
operating  equipment  and/or  trainers  during  breaks*    This  applies  to  all 
lessons  in  this  block*    Also  Instruct  all  students  to  use  CAUTION  and  follow 
directions  listed  for  all  toxic  or  caustic  solutions* 

MIR;    One  Instructor  can  monitor  6  students  during  2  hours  of  performance* 


POI  C3ABR32531  000 
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PLAN  OF  IH$TRUCTtOH/LE$SDN  PLAN  PART  1 

1    Avionics  Instrument  Systems  Specialist 

iLOCK  riTLC 

Engine  InBtrumentn 

1,                                                        COURSE  COHT£HT 

1  Tint 

2,      PreBsure  Indicating  Systems 

a.  Without  referen<:es,  select  statements  pertaining;  to  the  operatloi 
of  typical  pressure  indicating  systems,    STS;    I5a   Heas;  W 

(1)  Direct 

(2)  Synchro 

(3)  Variable  Reluctance 

b.  Without  references*  select  statements  pertaining  to  the 
application  of  Instrument  range  markings,    STS;    10k   Meas;  W 

c.  Given  a  workbook,  tools,  test  equipment,  and  trainers, 
perform  an  Inspection  and  operational  check  of  pressure  indicating 
systems  with  an  accuracy  of  lOOX  correct  workbook  responses, 

STS;    3e,  15b,  15e    Meas;  P 

d.  Given  a  workbook,  test  equipment,  and  trainers,  troubleshoot 
pressure  indicating  systems  with  an  accuracy  of  100%  correct  workbook 
responses,    STS;    3e,  15c,  15e    Meas;    P  ^ 

e.  Given  a  workbook,  test  equipment,  and  trainers,  bench  check 
components  of  pressure  Indicating  systems  with  an  accuracy  of  lOOX  correct 
workbook  responses.    STS:    3e,  I5d,  15e    Meas;  P 
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II 

 -  COURSE  CONTENT 


SUPPORT  MATERIALS  AND  GUIDANCE 
Student  Instructional  Materlala 

3ABR32S31-PT*202  (203),  Pressure  Indicating  Systems 
3ABR32S31*WB*202  (203),  Pressure  Indicating  Systems 
3ABR32531-HO-  200 

Attdlo  Visual  Aids 

Transparencies,  Pressure  Indicating  Systems 

Training  Equipment 

Gage,  Direct  Reading  Pressure  (2) 

Deadweight  Tester  (2) 

Toolkit  (12) 

Trainer,  Engine  Instrument  (2) 
Trainer,  Variable  Reluctance  (2) 
Synchro  field  Tester  (2) 
Altimeter  (2) 

Training  Methods 
Lecture/Discussion  (4  hrs) 
Performance  (6  hrs) 

Multiple  Instructor  Requirements  * 
Equipment,  Supervision  X2) 

Instructional  Guidance 

Using  transparencies,  discuss  pressure  Indicating  systems*    Provide  students  with 
all  required  instructional  material*    Provide  assistance  to  the  student  in  the 
laboratory  stations  as  required.    Insure  safety  standards  are  maintained,  and 
certify  attainment  of  criterion  objectives* 

MIR:    TWO  Instructors  can  nonltor  6  students* 
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PLAN  OF  tNSTRUCTION/LESWH  FLAM  PART  1 

COUPttE  TITLE 

Avionics  Instrument  Systems  Specialist 

•COCK  TITLE 

Engine  Instruments 

U                                                        COUUSC  OOHTCHT 

3.     Tachometer  Systems 

a*     Without  references ,  select  statements  pertaining  to  the  operatioi 
of  tachometer  systems*    STS:    14a    Heas:  V 

b.     Given  a  vorkbook,  test  equipment  and  trainer^  perform  an 
inspection  and  operational  check  of  a  tachometer  system  with  an  accuracy 
of  100%  correct  workbook  responses.    STS:    3e,  14b«  14e    Meas:  P 

c«     Given  a  workbook,  test  equipment^  and  trainer^  troubleshoot  a 
tachometer  system  with  an  accuracy  of  1002  correct  workbook  responses. 
STS:    3e,  14c,  14e   Meas;  P 

d.      Given  a  workbook^  test  equipment,  and  trainer^  bench  check 
components  of  a  tachometer  system  with  an  accuracy  of  100%  correct 
workbook  responses.    STS:    3e,  14d^  14 e   Heas:  P 
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SUPTORT  MATERULS  AND  GUIDANCE 

Student  Instructional  Materials 
3ABR32531-HO-  200 

3ABR32S31*PT*203»  Tachometer  Systems 
,  3ABR32S31-WB-203  (202),  Tachometer  Systems 

Audio  Visual  Aids 

Transparencies,  TachcHueter  Systems 

Training  Equipment 

Trainer,  Engine  Instruments  (2) 

Trainer*  Tachometer  Indicator  (2) 

Trainer,  Tachometer  Generator    (2)  * 

Tachometer  Tester  (2) 

Multimeter  (2) 

—Training  Methods 
Lecture/Discussion  (3  hrs) 
Performance  (4  hrs) 

Multiple  Instructor  Requirements 

Supervision,  Equipment  (2).,  t  . 

Instructional  Guidance 

Using  transparencies,  discuss  tachometer  systems.    Provide  students  with  all 
required  instructional  materials.    Provide  assistance  to  students  in  the 
laboratory  stations  as  required.    Insure  safety  standards  are  maintained, 
and  certify  attainment  of  criterion  objectives. 

MIR:    One  instructor  can  monitor  5  students  during  the  4-4iour  laboratory. 


POI  C3ABR32531  000 


31  October  1978 

27 


28 


rwAN  ur  inMHUCTiun/L itMin  ruAN  tavit  i 

1  Avionics^ Instrument  Systems  Specialist 

•LOCK  TITLE 

Engine  Ir^u^co^ents 

1,                                                        COUtSE  CONTENT 

2.  iiui 

4,      TcmKrattin*  ImUcUlnR  Syst*»roB 

a*     Without  refei^^nces,  select  ^tdtements  pertatnLnf^  to  tUc 
operation  oC  typical  temperature  Indicating  systems*    STK:    Ha   Heas;  W 

(1)  Resistance  Thermometer 

(2)  Thermocouple  ThermoiQeter 

b«     Given  a  workbook*  tools,  test  equipment,  and  trainers, 
perform  an  inspection  and  operational  check  o(  temperature  indicating 
systems  with  an  accuracy  of  lOOX  correct  workbook  responses*    STS;  3e, 
13b,  13e   Meas:  P 

c«     Given  a  workbook,  test  equipment*  and  trainers,  troubleshoot . 
temperature  indicating  systems  with  an  accuracy  of  lOOX  correct  workbook 
responses,    STS;    3e,  13c,  13e    Meas:    P                                     ^      ^  - 

d.     Given  a  workbook,  test  equipment,  and  trainers^  bench  check 
components  of  a  temperature  Indicating  system  with  an  accuracy  ot  100% 
correct  workbook  responses,    STSi    3e,  13d,  .13e,  Meas^t  P 
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  COURSE  CONTENT 


SUPPORT  MATERIALS  AND  GUIDANCE 

Student  Instractlonal  Materials 
3ABR32S31*PT-204,  Temperature  Indicating  Systems 
3ABR32531-MB-204,  Temperature  Indicating  Systems 
3ABR32531*H0-  200 

Audtn  Visual  Aids 

Transparencies,  Temperature  Indicating  Systems 
Training  Equipment 

Trainer,  Resistance  Thermometer  Type  Temperature  Indicating  System  (2) 

Trainer,  Exhaust  (l^s  Temperature  Indicating  System  (2) 

Jetcal  Tester  (2) 

Electrical  Thermometer  Tester  (2) 

Wheatstone  Bridge  (2) 

Multimeter  (2) 

Liquid -Iti-Gl ass  Thermometer  (1) 

Training  Methods 

Lec tu re/ Dl scus slon  (5  hrs) 

Performance  (5  hrs) 

tfaltlple  Instructor  Requirements 
Safety,  Supervision,  Equipment  (2) 

Instructional  Guidance 

Using  transparencies  discuss  temperature  Indicating  system^*    Provide  students 
with  all  required  Instructional  materials*    Provide  assistance  to  the  student 
In  the  laboratory  as  required*    Insure  safety  standards  are  maintained,  and 
certify  attainment  of  criterion  objectives* 

MIR:    One  Instructor  can  monitor  6  students  during  the  S-hour  laboratory* 


POI  C3ABR32531  000  31  October  1978  30 


29 


^     .                     rLAN  OP  IHSTRUCTIOH/LESSOH  PLAH  PART  1 

COUMC  T1TWI 

Avionics  Instrument  Systems  Specialist 

•LOCK  TiTUe 

Engine  Instruments 

h                                                       COWUi  CONTEHT 

5*      FUel  Flow  Indicating  Systems 

a<      Without  references,  select  statements  pertaining  to  the-operati 
of  a  fuel  flow  indicating  system*    STS:    IjSa    Meas:  U 

b.     Given  a  workbook  and  trainer,  perform  an  inspection  and 
operational  check  of  a  fuel  flow  indicating  system  with  an  accuracy  of 
lOOZ  correct  workbook  responses*    STS:    3e,  I6b    Meas:  P 

c*  -  Given  a  workbook,  test  equipment,  and  trainer,  troubleshoot  the 
fuel  flow  indicating  system  with  an  accuracy  of  75Z  correct  workbook 
responses.    STS:    3e,  I6c,  16e    Meas:  P 

d*     Given  a  workbook,  test  equipment,  and  trainer,  bench  check 
components  bf  a  fuel  flow  indicating  system  with  an  accuracy  of  100% 
correct  workbook  responses*    STS:    3e,  16d,  16e    Meas:  P 
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GOURSK  GONTKNT 


.     SUPWRT  MATERIALS  AND  GUli)AflCK 

Student  InBtructlonal  frtetorlals 
3ABR3253UPT-205,  Riel  Flow  Indicating  Systam 
3ABR32531-WB**2054  Riel  Flow  Indicating  System 
3ABR3253WHO-  200 

Audio  Visual  Aids 

Transparencies,  Fuel  Flow  Indicating  Systems 
Training  E<iulpment 

Trainer,  Fuel  Flow  Rate  Indicating  System  (2) 
Trainer,  Fuel  Flow  Traosmltter  (2) 
Hultlmeter  (2) 
Synchro  Field  Tester  (2) 

Training  Methods 
Lecture/Discussion  (4  hrs) 
Performance  (3  hrs) 

Multiple  Instructor  Requirement f) 
Safety,  Equipment,  Supervision  (2) 

Instructional  Guidance  * 

Using  transparencies,  discuss  the  fuel  flow  Indicating  system.  Provide 
students  with  all  required  Instructional  materials.    Provide  assistance  to 
students  In  the  laboratory  stations  as  required.    Insure  safety  standards 
are  maintained,  and  certify  attainment  o£  criterion  objectives, 

MIR:    One  Instructor  can  monitor  3  trainers  during  the  laboratory. 
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.     .                     PLAN  OP  INSTRUCTION/LESSON  PLAM  PART  1 

WWiarwiTWCTCl                                         1  couniCTiTwT 

1   Avionics  Instrument  Systems  Soeclalist 

iCOCtC  TITLC 

Engine  Instrunents 

1.                                                        COUiSi  OONTCHT 

1  lint 

6.      Engine  Pressure  Rat  to  Indicating  Systems 

a.  Without  references*  select  st;tt(tm«nts  pert^tninK  to  the 
operation  of  typical  engine  pressure  ratio  systems.    StiS:    15a    Meas;  W 

b.  Given  a  workbook*  tools>  test  equipment*  and  trainer*  perform 
an  inspection  and  operational  check  of  an  engine  pressure  ratio  system 
with  an  accuracy  of  lOOX  correct  workbook  responses*    SIS;    3e*  15b* 
ISe    Meas :  f 

c.  Given  a  workbook*  test  equipment^  and  trainer*  troubleshoot 
the  engine  pressure  ratio  system  with  an  accuracy  of  lOOX  correct 
workbook  responses.    STS;    3e*  ISc*  ISe    Meas:  P 

d.  *  Given  a  workbook^  test  equipment*  and  trainer*  bench  check 
components  of  an  engine  ^>ressure  ratio  system  with  an  accuracy  of  lOOX 
correct  workbook  responses.    STS;    3e>  15d^  15e    Meas:  P 
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SUIM'ORT  HATKRIALrt  ANO  CUIDANCK 

Student  Instructional  Materials 
3ABR32531-PT-206t  Baglne  pressure  Ratio  System 
3ABR32S31-*WB^206«  &iglne  Pressure  Ratio  System 
3ABR32S31-H(K200 

Audio  Visual  Aids 

Transparencies »  &igine  Pressure  Ratio 

Training  Equipment 

Trainer*  Engine  Instruments  (2)- 

Pneumatic  Tester  (2) 

Multimeter  (2) 

Toolkit  (12) 

Traiatajt  Methods 
Lecture/Discussion  (4  hrs) 
Performance  (3  hrs) 

Multiple  Instructor  Requirements 
Safety*  Equipment^  Supervision  (2) 

Instructional  Guidance  - 

Using  transparencies t  discuss  ehe  engine  pressure  ratio  system*    Provide  student 
with  all  required  Instructional  materials*    Provide  assistance  to  students  in 
the  laboratory  stations  as  required*    Insure  safety  standards  are  maintained » 
and  certify  attainment  of  criterion  objectives* 

HIRt    One  Instructor  can  monitor  6  students  In  the  3  hours  of  laboratory  time. 
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PLAN  OP  INSTRUCTIOH/LESSOH  PLAN  PART  1 

COUnif  TITLC 

•COCK  TtTLC 

Engine  Instruments 

1,                                                       COURSK  SNTCtiT 

1  TIMC 

7«      Resistance-Type  Liquid  Quantity  System 

a*     Without  references,  select  statements  pertaining  to  the  operatlo 
of  the  resistance- type  liquid  quantity  Indicating  system.    STS:  18a 
Meas:  W 

b«     Given  a  workbook  and  trainer,  parfom  an  Inspection  and 
operational  check  of  the  resistance-type  liquid  quantity  system 
with  an  accuracy  of  lOOZ  correct  workbook  responses*    STS:    Be*  Idb 
Heas :  P 

c«     (liven  a  workbook,  test  equipment,  and  trainer,  troubleshoot 
the  resistance-type  liquid  quantity  Indicating  system  with  an  accuracy 
of  lOOZ  correct  workbook  responses*    STS;    ^e*  ISc*  18f    Heas:  ? 

* 

d«     Given  a  workbook,  test  equipment,  and  trainer,  bench  check 
components  of  the  resistance- type  liquid  quantity  Indicating  system 
with  an  accuracy  of  lOOZ  correct  workbo'^k  responses*    STS;    Zt^  18d, 
idf    Meas:  P 

> 

* 
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COURSE  CONTENT 


SUPPORT  KATERULS  AND  GUIDANCE 
Student  Instructional  Materials 

3ABR3253l-PT-207»  Resistance-Type  Liquid  Quantity  System  - 
3ABR32531^W&*-207^  Resistance-Type  Liquid  Quantity  System 
3ABR32531-HO-  200 

Audio  Visual  Aids 

Transparencies t  Liquid  Quantity^  Resistance  Type 
TrainittR  Equipment 

Trainer^  Resistance-Type  Liquid  Quantity  Indicating  System  (2) 
Uheatstone  Bridge  (2) 
Multimeter  (2) 

Training  Methods 

Lec turre/Discussion  (2.5  hrs) 

Performance  (2*S  hrs) 

tfaltiple  Instructor  Reguiremeiits 
Equipment t  Supervision  (2) 

Instructional  Guidance  i 

Discuss  resistance  type  liquid  quantity  systems*  using  transparencies*  Provide 
students  vith  all  required  Instructional  materials.    Provide  assistance  to  the 
student  in  the  laboratory  stations  as  required.    Insure  safety  standards  are 
maintained*  and  certify  attainment  of  the  criterion  objectives. 

MIR;    One  instructor  can  monitor  6  students  during  the  2.5  hours  of 
laboratory. 
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PLAN  OP  INSTRUCTION/LESSON  PLAM  PART  I 

COURiC  HTLC 

Avionics  Instrument  Systems  Specialist 

tLOCK  TITWC 

Engine  Instruments 

1.                                                        COUiSE  (SNTCHT 

i.  t1m£ 

8.     Capacitance  Liquid  Quantity  System 

a.  Without  reference,  <»plfict  statements  oertainina  to  the  ooeration 
of  the  capacitance  liquid  quantity  indicating  system.    STS:  I8a 

Heas:  W 

b.  Given  a  workbook  and  trainer,  perform  an  inspection  and 
operational  check  of  the  capacitance  liquid  quantity  indicating  system 
with  an  accuracy  of  100%  correct  workbook  responses.    STS:    3e,  X8b 
Heas:  ? 

c.  Given  a  workbook,  test  equipment,  and  trainer,  troubleshoot 
the  capacitance  liquid  quantity  indicating  system  with  an  accuracy  of 
75%  correct  workbook  responses.    STS:    3e,  18c.  18f    Heas:  P 

. 

d.  Given  a  workbook,  test  equipment,  and  trainer,  bench 
components  and  calibrate  the  capacitance  liquid  quantity  indicating 
system  with  an  accuracy  of  100%  correct  workbook  responses. 

STS;    3e,  X8d,  18e,  18f    Meas;  P 

! 
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SUPPORT  MATERIALS  AND  GUIDANCE 
Student  Instructional  Materials 

3ABR3253I-PT-208,  F-III  Capacitance  Indicating  System 
3ABR3253UWB-208,  F-III  Capacitance  Indicating  System 
3ABR3253UH0-208^  F-III  Capacitance  Indicating  System  Wiring  Diagram 
3ABR3253I-flO-  200 

Audio  Visttal  Aids 

Transparencies,  Capacitance  Liquid  Quantity 
Tralnittjt  Equipment 

Trainer,  Capacitance  Type  Liquid  Quantity  Indicating  System  (3) 
Test  Set,  Capacitance  Type  Liquid  Quantity  System  (3) 
Multimeter  (3) 

Training  Methods 

Lec tu  re/D  idcussion  (6  hrs) 

Performance  (7  hrs) 

Multiple  Instructor  Requirements 
Equipment »  Supervision  (2) 

Instructional  Guidance  * 
Using  transparencies  and  handouts,  discuss  capacitance  Hauid  quantity. 
Provide  students  ulth  all  required  instructional  material^*    Provide  assistance 
to  the  student  in  the  laboratory  stations  as  required*    Insure  safety  standards 
are  maintained  and  certify  attainment  of  criterion  objectives* 

MIR;    One  instructor  can  monitor  two  trainers. 
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OOUMi  TITtf 


•LdCK  TITUC 

Englni*  Instrument's, 


1. 


COUltSE  OONTWT 


9.     Vertical  Scale  Engine-  Instrument  Systems 

a.  Without  references,  select  statements  pertaining  to  the 
operation  of  the  typical  vertical  scale  engine  instruments*    SIS:  17a 
Meas :  W 

(1)  Tachometers 

(2)  Exhaust  Gas  Temperature 

(3)  Engine  Pressure  Ratio 

(4)  Fuel  Flow 

b.  Given  a  workbook,  tools,  testf  equipment,  and  trainer,  perform 
an  inspection  and  operational  check  of  vertical  scale  ragine  instruments 
with  an  accuracy  of  lOOZ  correct  workbook  responses*    STS:    3e,  17b,  17e 
Heas:  P 

c*     Given  a  workbook,  test  equipment,  and  trainer^  troubleshoot 
vertical  scale  engine  instruments  with  an  accuracy  of  48OZ  correct 
workbook  responses*    STJ:    3e,  17c,  17e   Meas:  P 

d.     Given  a  workbook,  test  equipment,  and  trainer,  bench  check 
conponents  of  vertical  scale  engine  instruments  with  an  accuracy  of 
lOOZ  correct  workbook  responses*   -STS:    3e«  17dt  17e    Meas:  P 
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SUPPORT  MATERIALS  AND  GUIDANCE 
Student  Instructlottal  Materials 

3ABR32531*FT*209»  Vertical  Scale  Engine  Instruments 
3A6R32531*W6-209«  Vertical  Scale  Engine  Instruments 
3ABR32531-HO-200 

Audio  Visual  Aids 

Transparencies »  Vertical  Scale  Engine  Instruments 
Training  Equipment 

Trainer^  Vertical  Scale  Engine  Indicating  System  (2) 

Engine  Instrumentation  System  Test  Set  (2) 

Test  Sett  Converter  (2) 

Jetcal  Tester  (2) 

Pneumatic  Tester  (2)^ 

Multimeter  (2) 

Converter  (2) 

Toolkit  (2) 

Training  Methods 
Lecture/Discussion  (6  hrs) 

Performance  (4  hrs)  4 

Multiple  Instructor  Requirements 
Safety*  Supervision*  Equipment  (2) 

Instructional  Guidance 

Provide  students  with  all  re<]ulred  Instructional  materials*    Provide  ;)flrststance 
to  the  student  In  the  laboratory  stations  as  required  ^    Insure  safety  stand^irds 
are  maintained*  and  certify  attainment  of  criterion  objectives*    After  all 
objectives  have  been  niet^  collect  all  reusable  student  materials* 

MIR:    One  instructor  can  monitor  2  trainers  during  the  4  hours  of  laboratory* 


10*    Military  Training  4 
a;      Physical  Conditioning  (4) 
11*    Written  Test  and  Critique  2 
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oouMt-niLt 

Avionics  Instrument  Systems  Specialist 

•LOCK  TITUC 

Flight  Instruments 

n                                       couRse  oohtwt 

2.  TmI 

NOTE:    The  standard  ot  performance  for  all  knowledge  criterion  objectives 
is  the  passing  score  on  the  written  test. 

1.      Pitot^Static  Systems  and  Instruments 

a.  Without  reference,  select  statements  pertaining  to  the  operatior 
of  the  pltot*static  system  and  instruments.    SIS:    19a   Heas;  W 

b.  Without  references*  select  statements  concerning  the  use  of 
pitot-stattc  system  and  Instruments  test  equipment.    STS;    I9e    Meas:  W 

c.  Given  a  uorkbook,  test  equipment  and  trainer,  perform  an 
inspection  and  operational  check  of  the  pltot*statlc  system  vith  n 
minimum  of  lOOZ  accurate  workbook  responses.    STS;    3et  I9bt  I9e    Meas:  F 

d.  Given  a  workbook,  handout,  test  equipment  and  trainer,  trouble-^ 
shoot  components  of  the  pltot-static  system  with  a  minimum  of  751  accurate 
workbook  responses.    STS;    8d,  3e,  19ct  19e    Meas:  ? 

e.  Given  a  workbook,  test  equipment;,  nonls  and  jcratn^r.  h«nch  checl 
components  ot  the  pitot-static  system  with  a  minimum  accurate  workbook 
responses  of  801.'    STS;^   3e,  19d,  19e   Meas:  P 

18 
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COURSE  CONTENT 


SUPPORT  MATBRIAI^  AND  GUIMNCK 

Student  Instructional  Materials 
3ABR32S31*'^*301,  Pltot^Static  System 

3ABR32S31»Uft*301,  Operational  Check*  Inspection*  Troubleshooting  and 

Bench  Check  of  the  Pitot^Static  System 
U6R32531^H{H30U  Pitot^Static  System  Schematic 

Audio  Visual  Aids 

Ttaining  Film  AVA  550,  Altlneter  Setting  Adjustment 
Flip  Charts*  Pitot  Static  System 

Training  Equipment 
Barometer*  Mercurial  A-^1  (2) 
Vacuum  Chamber  (2) 
Timer  (2) 

Manometer*  Vertical  (2) 

Test  Set*  Pitot-Static  System*  Field  MB*1  (2) 

Pitot-Static  System  (2) 

Screwdriver  (2) 

Applicable  Indicators  (2) 

Training  Methods  ^ 
Discussion  (8  hrs) 
Performance  (10  hrs) 
hrs) 

Multiple  Instructor  Requirements 
Equipment*  Supervision  (2) 

Instructional  Guidance 

Insure, student  understanding  of  pitot  and  static  pressure  differenced  and 
sensing  elements  used  to  detect  these  pressures;  also*  the  wide  variety  of 
pltot-static  systems  depending  on  the  type  of  aircraft*    Enforce  instruction 
concerning  various  pitoc^static  instruments  and  the  pressures  they  use*  as 
opposed  to  the  pressures  they  measure*    Also  stress  the  relationship  of 
mach  to  the  speed  of  sound  with  changing  altitudes.    In  the  lab*  make  sure  the 
stuo!ents  understand  the  purpose  and  use'of  tae  altimeter  setting  and 
cmiversion  charts*    Check  all  connections  of  the  mercurial  ^nanometers  and 
insure  water  shut*off  remains  closed  during  high  airspeed  and  altitude 
checks « 

MIR:    One  instructor  can  monitor  6  students^ln  laboratory  perforntance* 
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eOUMI  DTkl 

Avionics  Instrument  Systems  Specialist 

VLOCK  TITLC 

Flight  Instruments 

h                                                       COUItSt  OONTIHT 

2.      Automatic  Altitude  Reporting  System  (AIMS) 

a.     Without  references,  select  statements  pertaining  to  the  operatiai 
ot  the  automatic  altitude  reporting  system  and  Instruments*    STS:  29a 
Heas:  W 

Without  reference,  select  statements  pertaining  to  the  use  6t 
KTHS  test  equipment*    STS:    29e    Meas:  W 

c*     Without  references,  select  statements  pertaining  to  trouble- 
shooting the  automatic  altitude  reporting  system*    STSt    29c   Heas:  W 

d*     Given  a  workbook,  test  equipment  and  trainer,  perform  an 
Inspection  and  operational  check  of  an  automatic  altitude  reporting ^ 
system  with  a  minimum  of  lOOX  accurate  workbook  responses* 
STS:    3e,  29b,  29e    Meas:  ? 

e«     Given  a  workbook,  test  equipment  and  trainer,  bench  check 
components  of  an  automatic  altitude  reporting  system  with  a  minimum 
of  80%  accurate  workbook  responses*    STS:    3e,  2^9d,  29e   Meas:  P 

# 

* 
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SUPPORT  MATERIALS  AND  GUIDANCK 
Student  Instructional  Materials 

3ABR32531-?T-302,  Pressure  Temperature  Test  Set,  TTU-205C/E 
3ABR32531»PT*302A»  Automatic  Altitude  Reporting  Equipment  (AIMS) 
3ABR32531-WB-302,  Leajt  Check  of  the  TTU-20SC/E  PITS 
3ABR32531*tfB-302A»  Inspection*  Operational  and  Bench  Check  (AIMS} 
3ABR32531»H0^302  (303) »  Pltot  Pressure  and  Pltot-Statlc  Control  Panel  and 
Operating  Instructions 

Attdlo  Visual  Aids 

Flip  CnartSt  Automatic  Altitude  Reporting  Equlpn^nt 
Training  Equipment 

Test  Set»  Pressure  Temperature^  TT(J*205C/E  (2) 
Altimeter »  Servoed*  AiUJ*19/A  (2) 

Computer*  Transponder*  Altitude*  Altitude  Cbdlng*  CPU-46/A*3  (2) 
Pitot  Pressure  and  Pitot-^Statlc  Control  Panel  (2) 

Test  Set*  Automatic  Altitude  Reporting*  Encoders  and  Altimeters*  TtU*229/E  (2) 

Training  Methods 
Discussion  (8  hrs) 

Performance  (10  hrs)  \ 

Multiple  Instructor  Requirements 
Equipment*  Supervision  (2)  *  ^ 

Instructional  Guidance 

Insure  students  understanding  of  the  servoed  altimeter  operations  In  either 
standby  (pneumatic)  or  electrical  reset  mode  and  equipment  furnishing  inputs 
for  these  modes  of  operation.    Provide  assistance  In  labs  as  required*  Insure 
safety  staMards  are  maintained  at  all  times  and  attainment  of  criterion 
objectives* 

MIR:    One  instructor  can  monitor  4  students  in  laboratory  performance* 
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couAsi  ntwc 

Avionics  Instrumetit  Systems  Specialist 


Flight  Instruments 


COUnSE  OOHTCNT 


1. 


3.     Accel  erometers 

a.      Without  references,  select  statements  pertaining  to 

operation  of  accelerometers.  sTS:    33a   Meas:  W 

♦  ^^■"** 

Given  a  worksheet  and  accelerometer,  perform  an  inspection 
and  operational  check  of  a  vertical  accelerometer  with  a  minimum  of 
lOOX  accuracy  in, worksheet  responses.    STS;    33b    Meas:  P 
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COIIRSK  CONTENT 


SlM>mRT  MATKRlAr^S  AND  CUrOAKCK 
Student  Inatructional  Haterials 

3ABR32S31*PT*303  (402A) »  Operation  of  Accel e tome ters 

3ABR32531*HS"303  (402) «  Inspection  and  Operational  Check  of  Accelerometer 

Audio  Visual  Aids 

Flip  Charta*  Accalerometers 

Training  Equipment 
Acceleroneter  (1) 

Training  Methods 
Discussion  (l.S  hrs) 
Performance  (.5  hrs) 

Instructional  Guidance 

Stress  importance  that  students?  remanber  to  release  locking  knob  on 
installation  of  new  accelerometi'^rs.    Provide  assistance  to  students  in  lab 
area  as  required.    Insure  safety  standards  are  maintained  and  students 
attain  criterion  objectives. 
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•COQC  TITLK 

?tlKht  InHtritm<*ntH 

n                                                          COUtSf  OONTCNT 

4«      Plight  Daui  Recorders 

a.     Without  references  ^select  statements  pertaining  to  the  operation 
of  flight  data  recorders.    STS:    30a   Meas:.  V/ 

Without  references^  convert  binary  numbers  to  decimal  and/or 
decimal  to  binary*    STS:    30a   Heas:  V 

4 

* 
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SUPPORT  MATERIALS  AND  GUIDANCE 
Student  Instructional  Haterlals 

3ABR32531-PT-304  (303) »  Operation  of  Flight  Data  Recorders 

Audio  Visual  Aids 

Flip  Charts,  Flight  Data  Recorders 

Training  Methods 
Discussion  (2  hrs) 

Instructional  Guidance 

Insure  students  know  the  purpose  of  flight  data  recorders  in  relation  to  Aircraft 
Structural  Integrity  Program^  and  that  recorded  Inforaation  is  in  blnsry 
numbers;  therefore*  It  Is  Important  they  understand  this  numbering  system. 
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Avionictf  Instrument  Systems  Specialist 


ftLOOC  TITLC 

Flight  Instruments 


5*     Air  Data  Computer  Systems  and  Vertical  Scale  Flight  Instruments 


33 


a*     Without  references*  select  statements  pertaining  to  the  oDerstiop  (16) 
of  the  Air  Data  Computer*  Vertical  Scale  Flight  Instruments  and  Angle 
of  Attack  Systems.    stS:    25a,  26a,  27a  Meast 


(1 
(2 
(3 
(A 
(5 
(6 
(7 
(8 
(9 
(10 
(11 
(12 
(13 
(14 
(15 


Air  Data  Computer 
Symbols  for  air  data  terms 
Units  supplying  inputs  to  CADC 
Units  receiving  outputs  from  CADC 
CADC  Sfilf*test  circuit 
CAOC  system  monitor  circuits 
Airspeed  mach  indicator 

Altitude  Vertical  Velocity  Indicator  (AWI) 
Amplifiers 
Indexer  lights 

True  Airspeed  (TAS)  i 
Total  tetheprature  indicator 
Trace  signal  data  from  sensors  to  displays  (tapes/counters) 
Operational  check 
Troubleshooting 


b*     Given  a  workbook  and  a  trainer,  perform  an  inspection  and 
operational  check  of  an  Air  Data  System*    With  a  minimum  of  lOOX 
workbook  responses.    STS:    3e,  25b,  25c,  26b,  26c,  27b ,  27c   Meas:  t> 

c*     Given  a  workbook,  test  equipment,  technical  data  and  trainer, 
troubleshoot  an  air  data  computer  system  with  a  minimum  of  75Z 
accurate  workbook  responses*    STS:    3e,  4c,  8d,  25c,  25e,  26c,  26e,  27c, 
27e   Meas:  ? 

d.     Given  a  programmed  text,  technical  data  and  trainer,  bench  checl' 
the  vertical  scale  flight  instruments  with  a  minimum  of  80%  accurate 
workbook  responses.    STS:    3c,  4c,  26d,  26e   Meas:  P 
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e*     Clven  a  workbook  and  test  equipment,  bench  check  components  ot  O) 
an  Air  Data  Computer  System  with  a  minimum  of  SOX  accurate  workbook 
responses.    STSt    3e*  25d*  25e*  27d,  27e   Meas:  P 

SUProRT  MATERULS  AND  GUIDANCE 
Student  Instructional  Materials 

3ABR32S3WPT-30S  (304),  Central  Air  Data  Computer  System  Operation 

3ABR32S3I-PT-30SA  (304A),  Bench  Check  Vertical  Scale  Plight  Instruments 

3ABR32S3I-PT-30SB  (304B),  CAOC  System^ Trainer  Paml liar Ixat Ion 

3ABR32S3I-WB-30S  (304),  CADC  (Inspect*  Operational  Check,  Troubleshoot) 

3ABR3253X-WB-30SA  (304A),  Bench  Check  of  Air  Data  Computer 

3ABR32S3I-aO-30S  (304),  Vertical  Scale  Plight  Instruments 

3ABR3253I-aO-30SA  (304A),  Glossary  of  Terms 

TO  SPS*2-^27*2,  Maximum  Safe  Speed  Airspeed  Indicating  System 

TO  SP8«9«I0«2*  Altitude  Vertical  Speed  Indication  System 

TO  IF-III(B)A-06,  Aircraft  Maintenance  Work  Unit  Code  Manual  * 

AFTO  Form  349,  Maintenance  Data  Collection  Record 

Audlo^  Visual  Aids 

Training  Pllm  AVA  S22A,  Vertical  Scale  Instruments 

Training  Pllm  AVA  S22B,  Altitude  Vertical  Velocity  Indicator 

Pllp  Charta,  Air  Data  Computer  Systems  and  Vertical  Seale  Flight  Instruments 

Training  E<mlpment 

Trainer  Central  Air  Data  System  (2) 

Test  Set  Pressure  Temperature,  TTU20SC/E  (2) 

Pitot  Pressure  and  Pitot-Statlc  Control  Panel  (2) 

Mttltimes:er  (2) 

Test  Bench  Set  CADC  System  AH/ASH^201B  (2) 

Test  Set  Indicator  Altitude*  Vertical  Speed  (1) 

Test  Set  Airapeed  Hach  Kumber  and  Safe  Speed  Indicator  (1) 

Altitude  Vertical  Speed  Indicator  (1) 

Maximum  Safe  Speed  Airspeed  Indicator  (1) 

Training  Methoda 
Dlscusalon  (16  hrs) 
Performance  (17  hra) 

Multiple  Instructor  Requirements 
Eciulpment  Supervision  (2) 

Inst  rue tlona'.  Guidance 

When  tracing  algnal  data  flow  through  the  CAOC  system*  stress  similarity  In 
methods  of  signal  processing  from  CAOC  to  the  Indicating  tape,  counter,  etc. 
Also,  relate  the  synchro  system  schematic  used  previously  by  students  In 
Electronic  Principles  to  the  wiring  diagrams  of  synchro  systems  In  CADC 
handouts.    In  lab  areas*  Insure  attainment  of  criterion  objectives  by 
students  and  observe  and  practice  all  safety  procedures.    After  all  objectives 
4 have  been  met*  collect  all  reusable  student  materials^ 
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•LOCK  T1TLC 

Integrated  Flight  and  Kavigational  Instruaents 


NOTE:    The  standard  of  performance  for  all  knowledge  criterion 
objectives  is  the  passing  score  on  the  vritten  test. 

1.     Flight  Instruments  (Gyro  Type) 

a.  Without  reference,  select  seatemencs  pertaining;  Co  ehe  operation 
of  gyroscopic  flight  instruments.    STS:    20a   Heas:  tf 

(1)  Gyroscopic  principles 

(2)  Directional  Gyro  Indicator 

(3)  Bank  and  Turn  Indicator 
(4}  Attitude  Gyro  Indicator 

b.  Given  a  wrkboo*^,  test  eifuipment  and  components,  perform  an 
inspection  and  operational  check  of  flight  Instruments  with  a  minimum 
of  1002  accurate  uorkbook  responses.    STS:    3e,  20b ,  206   Heas:  ? 

c.  Given  a  vorkbook,  test  eifuipment  and  components,  perform 
bench  check  of  representative  flight  instruments  with  k  minimum  of 
1002  accurate  workbook  responses.    STS:  -  3e,  20d^  20e    Meas:  ? 

d.  Given  a  workbook »  test  e<{uipment  and  trainer,  troubleshoot 
flight  instruments  with  a  minimum  of  80Z  accurate  workbook  responses. 
STS;    3e,  20c,  20e   Meas:  P 
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  COURSE  CONTENT 


SUPPORT  MATERIALS  AND  GUIDANCE 
Student  Instructional  Materials 

3ABR32S31-PT-401  (402),  Gyroscopic  Flight  Instruments 

3ABR32531-WS-401  (402),  Inspection,  Bench  Check  and  Adjustment  of  the  Bank  and 
Turn  Indicator 

* 

Audio  Visual  Aide 

AVA  521  or  AVA  521A  and  521B,  Gyroscopic  Principles 

Training  Equlpttent 
Gyro  Denmstrator  (2) 
Attitude  Gyro  Indicator  (2) 
DlrectU  al  Gyro  Indicator  (2) 
Bank  and  turn  Indicator  (3) 
Rata  tabla  (3) 
Power  Control  panel  (3) 
Multimeter  (3) 
Stroboscope  (2) 

Training  Methods  '  ^  - 

Lecture/Dlacusalon  (8  hrs) 
Demoftstratlon/perfomance  (2  hrs) 

Multiple  Instructor  Regulreiaents 
Safety^  Equipment  and  Supervision  (2) 

Instructional  Guidance 

Using  appropriate  audio  visual  alds^  explain  Gyroscope  Flight  Instruments 
operation  and  maintenance.    The  students  will  perform  inalntenance  operations  on 
<^roacoplc  Flight  Instruments.    In  the  lab  Insure  safety  standards  are 
maintained  and  certify  attainment  of  the  criterion  objectives.  . 

MIR;    One  Instructor  can  monitor  2  trainers* 
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Avionics  Instrument  Systems  Specialist 

•LOCK  TtTUC 

Integrated  Flight  and  Navigation  Indtrunents 

COUHU  GSNtEHt 

2.     Direct  Reading  (Standby)  Compass 

a.  Without  references* select  statements  pertalnlnR  to  the  oPeratloi 
of  direct  reading  compasses.    STS:    21a   Meas;  W 

(1)  Operation 

(2)  Compass  error  and  effects 

(3)  Compensator 

(4)  Swing  procedures 

b.  Given  a  workbook  and  compass  trainer*  perform  an  Inspection  and 
operational  check  with  a  minimum  1002  accurate  workbook  responses. 

STS;    2J^  Meas;    P                                 >  « 4V 

c.  Given  a  workbook^  site  compass  and  compass  trainer*  perform  a 
swing  and  make  compensation  adjustments  with  a  minimum  lOOZ  accurate 
workbook  responses*    STS:    21c   Heas:  P 

d.  Given  a  workbook*  site  ccHnpass  and  compass  trainer*  perform  a 
residual  swing  and  accompli^  the  pilot*s  correction  card  with  a 
minimum  802  accurate  workbook  responses.    STS:    21d   Meas:  P 
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COURSE  COHIEWT 


SUPPORT  HATERULS  AND  GUIDAKCE 
Student  Instructional  Materials 

-3ABR32531-PT-A02  (401),  Operation  of  Magnetic  (Standby)  Compass 
3A8R32S31-tfB-402  (401),  Inspect,  Suing  and  Complete  Pilot's  Card: 
Magnetic  (Standby)  Compass' 

Audio  Vlsttal  Aids 
Transparencies,  Standby  Compass 

Training  Eciulfiment 

Cottpass,  Magnetic  Type  or  B-21  (2) 

Direct  Reading  Ccapass  Trainer  (2) 
Kon-'Magnetlc  Screwdriver  (2) 

Training  Methods 
Lecture/Discussion  (2  hrs) 
Demonstration/Performance  (2  hrs) 

Instructional  Guidance 

Explain  the  operation,  maintenance  and  swing  procedures  of  the  direct  reading 
compass.    Insure  safety  standards  are  maintained  end  certify  achievement  of 
criterion  objectives* 
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1. 


3.     Attitude  Heading  Reference  and  Gyro  Stabilized  Magnetic  Compass  35 
Systems 

a.  Without  references,  select  statements  pertaining  to  the  operation  (15) 
of  the  attitude  heading  reference  and  gyro  stabilized  magnetic  compass 
systems.    STS:    22a ^  24a   Meas:  U 

(1)  General  discrlption 

(2)  Attitude  system 

(3)  '  Compass  system 

b.  Given  a  workbook  and  trainer,  perform  an  inspection  and  , 
operational  check  of  attitude  reference  and  compass  systems  with  a 
minimum  of  lOOZ  accurate  workbook  responses.    STS:    3e,  22b,  2Ab  * 
Meas:  P 

c«     Given  a  workbook^  test  equipment  and  trainer,  troubleshoot  the 
attitude  reference  and  compass  system  with  a  minimum  of  80Z  workbook  * 
responses.    STS:    3e,  22c,  22et  24c,  24e   Meas:    P  ( 
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COtmSE  CONTENT 


SUPPORT  KATERIALS  AND  GUIDANCE 
Student  Ipstructlooal  Materials 

3ABR3ZS31-Pt<*403«  Attitude  Reading  Reference  and  Qyro  Stabillted  Magnetic 
Coapasa  Systems 

3ABR3ZS31-H(M03«  Attitude  Heading  Reference  and  Gyro  Stabilized  Magnetic 

Conpass  Systems 
3ABR3ZS31--HO-403A,  Schematic  Diagrams 

3ABR3ZS31«W6-<403«  Attitude  Heading  Reference  and  Gyro  Stabilized  Magnetic 
Coiapass  Systems 

Audio  Visual  Aids 

TtanspareacieSf  Attitude  Heading,  Reference  and  Gyro  Stabilized  Magnetic 
Compass  Systems  , 

Ttalning  Equipment 

Trainer*  Auxiliary  Flight  Reference  Sy^stem  (Z) 
Trainer*  ADI  (Z)    Exploded  View 
Multimeter  (Z) 

Test  Set>  Line  Maintenance  (Z) 

Training  Methods 
Lecture/Discussion  (20  hrs) 

Demonstration/ Performance  (16  hrs)  ^ 

* 

Hultiple  Instructor  Requirements 
Safety>  Equipment*  Supervision  (Z) 

Instructional  Guidance 

Using  appropriate  diagrams*  explain  the  operation  and  maintenance  of  attitude 
heading  reference  and  gyro  stabilized  magnetic  compass  systems*    The  students 
will  perform  maintenance  operations  on  the  attitude  reference  and  compass 
system*    In  the  lab  Insure  safety  sfandards  are  maintained  and  certify 
achievement  of  the  criterion  objectives* 

MIR;    One  Instructor  can  monitor  Z  trainers* 
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AvLortLca'lnHtnmt^nt  Hyntt'ina  SpoclaUHt 

•UOOC  TITUt 

Integrated  Flight  and  Navigational  Instrumentg 

1.                                                        C6UII$i  OONTiNT 

L  TiMl 

4.     MC-l  Compass  Calibration  ' 

a.  Without  references,  select  statements  pertaining  tc  the  use 
and  operation  of  the  MC-X  compass  calibrator.    STS:    22e    Meas;  W 

(X)  Capabilities 

(2)  Components 

(3)  Area  survey 

.  (4)    Compass  svlng 

b.  Given  a  workbook,  test  equipment,  technical  data  and  trainer, 
perform  a  compass  swing  and  compensation  adjustments  vlth  a  minimum  of  80>l 
workbook  responses.    STS:    3e,  4c,  22c,  22e    Meas;  P 

* 
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SUPPORT  MATERULS  AND  GUIDAMCE 

Student  Instructional  Haterlals 

3ABR32S31-PT-40A ,  MC-1  Compass  Cal Ibrator 

3ABR32S31-PT'404A,  -Azimuth  Dial  Readings  - 

3ABR32S31'WB-404.  Use  of  the  MC-1  Compass  Calibrator 

AFTO  Form  S3,  Compass  Swing  Data  Sheet 

TO  5N3-3-7-1.  Magnetic  Compass  Calibrator  Set  CMC-l> 

ibidlo  Visual  Aids 

Transparencies*  MC-l  Compass  Calibrator 
Training  Equipment 

Trainer,  Auxiliary  Flight  Reference  (4) 
MC-1  Coiq)ass  Calibrator.  Set  (4) 
Adapter  Kit  <4) 

* 

Training  Methods 

Lftc tu re/Dlscu8slon  (6  hrs) 

Demonstration/ Performance  (10  hrs) 

Multiple  Instructor  Requlrewents 

Safety,  Equipment,  Supervision  (2)  t 
Instructional  Guidance  ' 

Using  appropriate  diagrams,  explain  the  purpose  and  operation  of  the  MC*l 
compass  calibrator*    The  students  will  perform  a  compass  swing  In  the  lab. 
Insure  safety  standards  are  maintained  and  certify  achievement  of  the 
criterion  objectives* 

MIR^*    One  Instructor  can  monitor  2  trainers* 
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CQVUiCTlTUt 

AvloitlCH  TnHtnimoiit  Syntrmn  Sprointlnt 

iLOCX  TiTUt 

Inti*grate4  Flight  and  Navigational  Inatruments 

K                                                         COUIISi  CDNTiHT 

5.      Electronic  Test  Equipment 

a*     Without  reference,  select  atatementa  pertaining  to  the  operation 
of  electronic  test  equipment*    STS:    22e,  24e    Meas:  W 

(1)  DC  digital  voltmeter 

(2)  Phase  angle  voltmeter 

(3)  Electronic  counter 

(A)  Oscilloscope 

b*     Given  a  workbook,  test  equipment,  technical  data  arid  trainer, 
bench  check  various  attitude  and  heading  components  vlth  a  minimum  <^f 
SOX  accurate  workbook  responaes*    StSt    3e«  Ac,  22d^  22e,  24d,  24e 
Meas:  P 

* 
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(3) 
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SUPPORT  MATERIALS  AND  GUIDANCE 


Student  Instructional  Nateriats* 

3ABR32531-PT-405  W03A),  Rlectrortlc  To«t  Kqiifpmcnt 

aAHRIZ'ilWWfMOS  (403A)«  Dench  (.*htxk  APHS  Ktoctroftlc  CnmponentH 

Audio  Visual  Aids 

Transparencies*  Electronic  Test  Equipment 

Training  Equipment 
Multimeter  (3) 

Test  Set,  Attitude  Reference  and  Bombing  Computer  AN/AJM*17  (3) 
Oscilloscope  (3) 
Voltmeter,  Phase  Angle  (3) 
Voltmeter,  DC  Digital  (3) 
Electronic  Counter  (3) 

Amplifier  power  Supply  .Xi)       — 

Rate  of  Tiirn  Gyro  Trarsnitter  (3) 
Switching  Rate  Gyro  (3) 
Dual  'Clmer  (3) 

Training  Methods 

Lecture/Discussion  (3  hrs)  ^ 

Demonstration/Performance  (6  hrs) 

* 

MultliLle  Instructor  Requirements 
Safety*  Squipment,  Supervision  (2) 

Instructional  Guidance 

Vslng  appropriate  diagrams,  explain  the  purpose  and  use  of  electronic  test 
equipment.  *  In  the  lab  Insure  safety  standards  are  maintained  and  certify 
achievement  of  criterion  objectives.    The  students  will  bench  check  components 
liVthe  lab.    After  all  objectives  have  been  met,  collect  all  reusable  student 
materials . 

MIR;    One  Instructor  can  monitor  2  trainers. 


6.  Military  Training  4 
a.     Physical  Conditioning  (4) 

7.  Written  Test  and  Critique  2 
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Flight  Director  Systems 

y                                                          eoUHtf  COHttHt 

NOTE:    The  standard  of  performance  for. all  knowledge  criterion 
objectives  Is  the  passing  score  on  the  written  test. 

1.      Flight  Director  Systems 

a.  Without  reference,  select  statements  pertalnlnft  to  the  operatloi 
of  flight  director  systems.    STS;    23a    Heas:  W 

b.  Given  a  workbook  and  trainer,  perform  an  inspection  and 
operational  check  of  the  flight  director  systems  with  a  minimum  of 
loot  accurate  workbook  responses.    STS;    3e,  23b    Heas:  P 

c.  Given  a  workbook,  test  equipment  and  trainer,  troubleshoot 
the  flight  director  system  to  a  minimum  accuracy  of  SOX  workbook 
responses.    STS:    3d,  23c,  23e    Meas:  P 

28 

1  (16) 
(2) 

(6) 

d.     Given  a  workbook,  technical  data,  test  equipment  and  trainer, 
bench  check  components  of  the  flight  director  system  with  a  minimum 
accuracy  of  100%  workbook  responses.    STS:          4c,  23d,  23c   Heas:  P 
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COURSE  CONTENT 


StIPTORT  MATKKIAf^S  AND  CtllllANCK 

Student  Inetructtonnl  Materials 
3ABR32531-PT-501  (404),  Flight  Director  Systemft 

3ABR32531-HO-501  (40A),  Plight  Director  Systems  (Modes  ol  Operation) 
3ABR32531*80-501A  (A04A)>  Plight  Director  Systess  Diagrams 
3ABR32531*WB*501  (404),  Flight  Director  Systems 

Attdlo  Visual  Aids 

AVA  523A,  Eorizontal  Situation  Indicator 
AVA  S23B«  Attitude  Director  Indicator 

Training  Equipment 

Trainer,  Auxiliary  Flight  Reference  (2) 

Hultiiaeter  (2) 

Test  .Sef ,  AN/ASM  159  (2) 

Horizontal  Situation  Indicator  (2) 

Instructional  Methods 
Lecture/Discussion  (l6  hrs) 
Demonstration/Performance  (12  hrs) 

Multiple  Instructor  Regulrementa  * 
Safety,  Equipment,  Supervision  (2) 

Instructional  Guidance 

Using  appropriate  diagrams  and  films*  explain  flight  director  operation  and 
maintenance*    The  students  will  perform  maintenance  operations  on  the  flight 
director  system  and  components,    la  the  lab,  insure  safety  standards  are 
maintained  and  certify  achievement  of  the  criterion  objectives.    After  all 
objectives  have  been  met,  collect  all  reusable  student  materials, 

MIR:    One  instructor  can  monitor  2  trainers. 


2,  Military  Training  9 

a.  Physical  Conditioning  (2) 

b.  End*of*Course  Appointments  (7) 

3,  Measurement*  Written  Tesrand  Critique  2 

4,  Course  Critique  and  Graduation  '  1 
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FOREWORD 


This  programmed  text  was  prepared  for  use  in  the  Automatic  Flight 
Control  System  Specialist  Course  3ABR32530-1,    The  material  contained 
herein  was  validated  by  twenty  (20)  students  from  the  subject  course. 
At  least  90%  of  the  students  achieved  the  o  jective  as  stated  below, 

OBJECTIVE 

1.      Without  references,  identify  facts  concerning  aircraft 
familiarization.    An  accuracy  of  70%  is  required. 

a.  Types  and  distinguishing  characteristics, 

b.  Principles  of  flight  and  flight  controls. 

c.  Structural  areas  and  systems, 

INSTRUCTIONS 

This  programmed  text  presents  information  in  small  steps  called 
fra]!tes4    Within  each  frame,  you  are  asked  to  respond  to  a  situation 
or  question.    Read  the  information  given  and  respond  by  circling  the 
correct  letter  or  in  some  other  manner  as  instructed  in  the  frame. 
After  you  have  made  your  response,  compare  your  answers  to  those  given 
at  the  top  of  every  other  frame.    Example,  the  answers  for  frame  1 
are  at  the  top  of  frame  3;  and  the  answers  to  frame  2  are  at  the  top 
of  frame  A,  etc.    If  your  answer  is  correct »  go  to  the  next  frame; 
if  your  answer  is  wrong,  read  the  frame  again  to  get  the  information 
straight  in  your  mind.    Write  the  correct  response  next  to  your 
original  response,  and  then  proceed  to  the  next  frame.    Work  at  your 
own  pace.    DO  NOT  HURRY  I 
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Franie  1 

All  military  aircraft  are  assigned  a  group  of  numbers  and  letters 
for  Identification  purposes*  , Listed  below  are  some  typical  examples* 

A-IE  H-3C 

B-52H  T-33A 

C-135A  U-6A 

F-106B  X-15A 

The  letter  in  front  of  the  dash  indicates  the  basic  mission  for 
which  the  aircraft  was  designed*    This  letter  is  referred  to  as  the 
basic  mission  symbol*    The  basic  mission  symbol  is  used  to  denote  the 
primary  function  of  capability  of  the  aircraft*    Special  cases  are  the 
letters  ^^H"  and  "V*"   The  "H"  stands  for  helicopter  -  a  type  of  aircraft 
with  rotary  wings*    The  helicopter  is  capable  of  flight  both  horizontally 
and  vertically*    The  "V"  stands  for  either  vertical  takeoff  or  landing 
(VIOL)  or  short  takeoff  or  landing  (STOL)  type  aircraft  which  are 
designed  for  taking  off  or  landing  in  very  short  distances* 

Mark  the  following  statements  true  (T)  or  false  (F) * 

 1*      A  B-52H  is  a  helicopter*  ^ 

 1*      A  T-33A  is  a  fixed  wing  aircraft* 

3  *      In  the  designation  U-6A|  the  A  indicates  the  basic  mission 
of  the  aircraft* 

 ^4*     An  H-^3C  is  a  rotary  wing  aircraft* 

5  *      A  V-lOA  would  be  the  proper  designation  for  a  short  takeoff 
or  landing  aircraft* 
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Frame  2 


Military  aircraft  are  designed  to  perform  a  primary  function  or 
job*    As  you  have  already  learned^  the  basic  mission  letter  Is  assigned 
to  all  milltaty  aircraft  to  denote  the  primary  function  or  basic  mission 
for  vhlch  it  is  designed.    A  partial  list  of  basic  missions  and  their 
respective  mission  letters  is  shown  below. 


A  - 

Attack 

B  - 

Bomber 

C  - 

Cargo/Traoaport 

F  - 

Fighter 

0  - 

Observat loa 

T  - 

Trainer 

U  - 

Utility 

X  *  Experimental/Research 

Notice  that  the  basic  mission  letter  is  usually  the  first  letter 
of  the  word  representing  the  basic  mission.  ^ 

Mark  the  following* statements  true  (T)  or  false  (F), 

 1.      The  basic  mission  letter  for  a  utility  aircraft  is  "U." 

 2.      The  basic  mission  letter  stands  for  the  primary  function  for 

which  the     .rcraft  is  designed. 

 3.      "t*'  is  the  basic  mission  letter  for  transport. 
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Frame  3 

Let's  learn  more  about  basic  missionii  of  various  aircraft  and  their 
distinguishing  characteristics*    An  attack  aircraft  is  designed  to 
search  out  and  destroy  enemy  land  or  sea  targets,  its  armament  Is  cannon 
and  air  to  surface  rockets* 

Fighter  aircraft  are  similar  in  size  and  shape  to  attack  aircraft* 
Fightero  are  designed  to  Intercept  and  destroy  other  aircraft  and 
missiles*    Some  fighters  are  also  multipurpose  aircraft  designed  to 
support  friendly  troops  in  the  destruction  of  enemy  troops  and  equipment* 
The  distinguishing  characteristics  of  fighters  and  attack  aircraft* 
as  compared  to  bombers  and  cargo  aircraft,  are  their  small  size  and 
thin»  short  wings*    Fighter  armament  is  usually  cannon  and  air  to  air 
rocket3* 

Mark  the  following  statements  true  (T)  or  false  (F)* 

 1*     Attack  aircraft  usually  carry  air  to  air  missiles* 

 2*     Fighter  aircraft  are  used  to  engage  enemy  aircraft  and 

support  friendly  troops* 

 3*     Most  fighter  aircraft  have  thick  wings  and  large  fuselages* 


i3j 


Answers  to  Frame  2: 


T  T    2,       F  3. 


Frame  4 

Bomber  aircraft  are  designed  to  carry  heavy  bomb  loads  far  Into 
enemy  territory*    They  are  equipped  with  all-weather  flying  and 
bombing  equlpn^ent,    Msiny  of  the  distinguishing  characteristics  of 
bomber  type  aircraft  also  e^cist  on  cargo/transport  type  aircraft* 

Cargo  aircraft  are  designed  to  carry  heavy  loads  of  cargo  and/or 
passengers*    Instead  of  bomb-^bay  doors  in  the  bottom  of  the  plane 
as  is  the  case  with  bombers,  modern  cargo  aircraft  have  loading  doors 
at  the  front  or  rear  of  their  roomy  fuselages  to  accommodate  loading 
freight  or  vehicles*    Loading  ramps,  conveyors,  and  hoists  aid  In 
loading  and  unloading  heavy  cargo*    Obviously,  one  distinguishing 
characteristic  of  both  bomber  and  cargo-type  aircraft  Is  their  huge 
size* 

Mark  the  following  statements  true  (T)  or  false  (F). 

1*      Bombers  have  doors  in  the  bottom  of  the  aircraft  to  load 
and  drop  or  unload  bombs* 

2 ,      Bombers  are  used  to  carry  cargo  and/or  passengers* 

 3*      Transports  can  carry  vehicles*  * 

4*      Cargo  aircraft  are  generally  small  and  fast* 
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Frame  5 

Observation  aircraft  are  designed  to  fly  over  enemy  territory  to 
obtain  information  concerning  enemy  troops  and  supplies  in  active 
combat  areas* 

Trainer  aircraft  are  designed  for  training  personnel  to  operate 
the  aircraft  and/or  related  equipment*    A  distinguishing  characteristic 
of  the  trainer  type  aircraft  is  the  two-*seat  cockpit  -  either  side-by- 
side  or  in  tandem  (one  behind  the  other)* 

Aircraft  used  for  miscellaneous  missions  such  as  carrying  small 
cargo  loads  and/or  passengers,  towing  targets,  etc**  are  designated  as 
utility  aircraft  and  are  assigned  the  mission  letter  "U*" 

Mark  the  following  statements  true  (T)  or  false  (F)  * 

  1>      Observation  aircraft  are  used  to  observe  enemy  troop 

movement  * 

 ^2*      Trainer  aircraft  are  designed  primarily  to  test  new  equipment. 

3*      The  is  a  utility  aircraft* 


Answers  to  Frame  4:       T    1^       F    2»       T    3.     *  F  4^ 


Frame  6 

Sometimes  aircraft  are  modified  to  perform  functions  other  than 
their  primary  function*    Some  bombers,  for  example,  are  modified  for 
reconnaissance;  some  cargo  aircraft  are  modified  to  provide  inflight 
refueling  of  other  aircraft,  etc*    When  an  aircraft  has  been  modified, 
it  is  identified  by  a  modified  mission  letter  placed  in  front  (to  the 
left)  of  the  basic  mission  letter*    Some  examples  of  modified  mission 
letters  are  listed  below* 

A  *  Aircraft  modified  to  attack  enemy  troops  and  targets* 

C  ^  Aircraft  modified  to  carry  cargo  and  personnel* 

H  -  Aircraft  having  special  equipment  to  perform  search  and 
rescue  missions* 

K  -  Aircraft  modified  to  perform  inflight  refueling  (tanker)* 

T-  Aircraft  modified  for  training  purposes* 

R-  Aircraft  equipped  for  photographic  or  electronic  reconnaissance 
missions* 

. »  \ 

U  -  Usually  small  aircraft  modified  to  carry  cargo,  passengers, 
or  totf  targets. 

W  -  Aircraft  modified  with  permanently  Installed  weather  equipment. 

Remember,  if  an  aircraft  number  has  only  one  prefix  letter  on  the 
left,  then  the  aircraft  is  performing  its  basic  mission*    If,  however* 
the  number  begins  with  two  letters,  the  outside  (left  most)  letter 
indicates  the  mission  which  the  aircraft  is  modified  to  perform* 

Mark  the  following  statements  true  (T)  or  false  (F)* 

I*     An  RB"57  aircraft  is  designed  for  a  basic  mission  of  bombing. 

 2.      The  modified  mission  letter  of  the  KC-135  is  "K*'* 


3,      The  modified  mission  of  an  HU-16  aircraft  is  search  and 
rescue  * 
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Answers  to  Frame  5:       T    I.       F    2.       T  3. 

Frame  7 

Military  aircraft  are  further  identified  by  design  number  as 
follows  t 

Attack  aircraft  -  A-1,  A-3,  A-4,  A-5,  etc* 

Bomber  aircraft  -  B-25,  B-26,  B-47,  B-52,  etc* 

Cargo/ Transport  aircraft  -  C-47  ,  054,  C-130,  C-135,  etc* 

Fighter  aircraft  -  F-80,  F-lOO,  F-105,  F-106,  etc* 

Notice  in  the  examples  above  that  the  design  numbers  for  each 
basic  mission  are  larger  as  you  proceed  to  the  right*    The  larger 
design  numbers  are  used  for  aircraft  which  were  designed  at  a  later 
date* 

Mark  the  following  statements  true  (T)  or  false  (F). 

 ^1*     An  A-4  aircraft  is  a  fighter  aircraft* 

 2*      A  B-47  is  a  never  design  than  a  B-25  aircraft* 

 3.      The  letter  in  *'F-l05"  is  the  basic  mission  letter* 

4>      The  number  in  '*C'*130"  is  the  design  number  of  a  cargo/ 
transport  aircraft « 


Answers  to  Frame  6:     ^  T    1,       T    2,       T  3. 
Frame  8 

Yoii  have  just  seen  that  larger  design  numbers  indicate  newer  (or 
later)  models  of  the  same  type  of  aircraft*    The  design  numbers  have 
been  getting  so  large*  that  the  government  has  decided  to  begin  the 
design  numbering  sequence  all  over  again*    For  example,  cargo  aircraft 
designed  after  the  C-I4I  are  designated  as  C-I,  C-2,  etc.  Likewise, 
the  F-III  is  the  last  fighter  designation  in  the  series.    Newer  fighters 
are  designated  F-I,  F-5,  etc.    In  the  case  of  bombers,  the  B-70  is  the 
last  large  numbered  bomber*    As  you  may  know*  the  newest  bomber  design 
was  given  the  number  B-I;  and  although  it  is  not  in  thi£  Ai.r  Force 
inventory,  its  design  number,  B-I,  still  stands, 

Mark  the  following  statements  true  (T)  or  false  (F) * 

1 ■  An  F-5A  is  a  newer  design  aircraft  than  the  F-I06A, 

 2*  An  RC-I35A  was  designed  before  the  C-I4IA, 

 ^3,  The  F-I05  was  designed  after  the  F-4, 


J.  o 


10 


Answers  to  Frame  7: 


F  1. 


T  2. 


T  3. 


T  4. 


Frame  9 

A  series  letter  ali/ays  follows  the  design  number^  for  example, 
C-5At  etc.    Series  letter  "A"  is  used  for  all  newly  designed 

aircraft-    These  aircraft*  as  a  rule*  remain  series  "A"  as  long  as  they 
are  used  by  the  Air  Force, 
let*s  look  at  an  example. 


To  understand  just  how  series  letters  change  * 


Let's  say  the  government  makes  a  contract  with  Boeing  to  produce 
100  8-52  aircraft.    As  those  100  models  roll  off  the  assembly  line, 
they  are  given  the  series  letter  "A"  -  thus  the  number  of  the  aircraft 
becomes  B-52A*    As  the  Air  Force  uses  these  "A"  models,  they  will 
find  that  certain  modifications  or  changes  need  to  be  made*  The 
changes  are  usually  made  by  qualified  Air  Force  personnel,  but  the 
series  letter  of  the  aircraft  remains  '*A*" 

Now  at  some  time  in  the  future,  the  Air  Force  will  make  another 
contract  for  say  100  more  B-52  aircraft.    But  these  new  aircraft  must 
contain  all  the  modifications  that  were  made  to  the  first  100* 
therefore*  since  these  new  aircraft  are  different  in  design  from  the 
first  100  which  Boeing  made,  they  assign  them  a  different  series 
letter  -  in  this  case  "B"  and  all  100  of  these  new  aircraft  will  be 
given  the  number  B-52B*    Each  new  contract  for  this  B-52  aircraft  will 
generate  a  new  series  letter  if  the  design  is  changed  from  the  last 
contract*    Understand  that  the  series  change  does  not  change  the 
function  of  the  aircraft      in  our  example,  the  aircraft  is  still  a 
bomber.    A  series  change  only  improves  that  function. 

Mark  the  following  statements  true  (T).  oi  false  (F) - 


A  B<"52A  aircraft  has  no  major  design  modifications. 

la  the  designator  KC-135Bt  the  K  represents  a  series  change, 

the  series  letter  in  the  designator  WB-66D  is  "D*  " 

A  C-135B  aircraft  has  had  one  major  modification* 


Answers  to  Frame  8:       T    1,       T    2,       F  3, 


Frame  10 

Aircraft  have  serial  numbers  to  mske  It  easier  to  distinguish 
between  aircraft  of  the  same  design*  for  Instance*  one  KC-135B  from 
another  KC'135B,    Serial  nuirbers  Include  the  two  digits  that  repre- 
sent the  aircraft  contract  year  separated  by  a  hyphen  from  the  rest 
of  the  number  {75'12345)*    The  component  assignment  letter t  Indicating 
the  organization  .to  which  the  aircraft  is  assigned*  Is  added  as  a 
suffix  to  the  serial  number.    The  component  assignment  letter  *'A'* 
is  used  to  Identify  aircraft  assigned  to  the  Air  Force  (75-12345A)* 
The  serial  number*  symbol,,  type  of  fuel*  and  technical  order  reference 
are  stenciled  on  the  left  side  of  the  fuselage  under  the  piloted 
window*  as  shown  below*    Remember  ^ere  to  find  the  aircraft  serial 
number  since  you  will  be  required  to  use  It  ^en  recording  your  work* 


Mark  the  following  statements  true  (T)  or  raise  (F), 

 The  suffix  symbol  "A"  In  the  aircraft  serial  number  73*1762A 

indicates  assignment  of  the  aircraft  to  the  Air  Force, 

 ^2*      The  serial  number  of  an  aircraft  Is  located  under  the  pilot's 

window  on  the  outside  (left  side)  of  the  fuselage, 

 ^3.      In  the  aircraft  number  77-12345»  the  first  two  digits  indicate 

that  the  aircraft  was  purchased  In  July  of  1970* 

 4*     Aircraft  serial  numbers  have  a  maximum  of  four  digits. 


ftCHNCAl  OAJA 


Figure  1, 
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Answers  to  Frame  9:       T    1.       F    2.       T    3.       T  4. 


Frame  II 

The  radio  call  number  (tall  number)  consists  of  five  digits.  It 
Is  applied  to  each  side  of  the  vertical  stabilizer  and  Is  derived  from 
the  last  five  digits  (12345)  of  the  aircraft  serial  number  (75--I2345). 
When  it  is  necessary  to  use  the  contract  year,  the  first  digit  and 
the  hyphen  are  not  used.    ThuSt  the  radio  call  number  for  serial  number 
75*1234  would  be  51234*    If  the  serial  number  has  less  than  five  digits* 
say  77*I2«  zeros  will  be  added  following  the  second  digit  of  the  contract 
year  to  make  a  total  of  five  digits  (70012)*    Duplication  of  radio  call 
numbers*  derived  from  the  serial  numbers  65-1234  and  75-1234  is  prevented 
by  using  the  symbol  "0-"  In  front  of  the  earlier  year  -  for  example*  the 
radio  call  number  for  the  lO-year-oii,  aircraft  (65-1234)  is  0-51234*  The 
call  number  for  the  other  aircraft  is  51234.    It  Is  possible  that  another 
20*year--old  aircraft  with  the  same  call  number  (55-1234)  is  on  the  same 
base.    Although  such  Instances  are  rare«  they  do  occur  and  the  local 
command  at  that  base  will  have  its  own  particular  method  of  idp'^tlfylng 
such  aircraft  * 

Remember  how  radio  call  numbers  are  derived  and  where  they  are 
located  because  you  will  be  assigned  work  by  the  tall  number  of  the 
aircraft*    In  the  maintenance  shop,  this  Is  the  easiest  form  of 
Identification* 

Complete  the  'following  statements  by  filling  in  the  appropriate 
blank  on  your  response  sh/*et* 

I*      If  65"I576  Is  the  serial  number  of  a  lO-year-oId  aircraft » 
and  a  1975  model  aircraft  has  the  same  serial  number,  what  would  be 
the  radio  call  number  of  the  1965  model  aircraft?   


2*      The  radio  call  number  of  a  B-52G,  serial  number  72-0007 
would  be 


3-      The  radio  call  number  of  a  C-14I,  serial  number  75-65321  would 

be 
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Answers  to  Frame  lOt       T    1.       T    2.       F    3.       F  4> 
Frame  12 

Circle  the  letter  of  the  correct  response  to  the  following  statements. 
I*      The  basic  mission  of  an  F-I04C  Is  to 

a.  carry  cargo  and/or  passengers. 

b.  intercept  and  destroy  other  aircraft. 

c.  bomb  enemy  targets* 

d.  search  out,  attack,  and  destroy  land  targets, 
2,      The  basic  mission  of  an  RC-47A  is  to 

a.     search  out,  attack,  and  destroy  land  targets, 
take  pictures  on  reconnaissance  flights, 

c,  carry  cargo* 

d,  tow  targets, 

3*      The  modified  mission  of  a  TB-58A  Is 

J 

a*      for  training  personnel* 
b*      to  bomb  enemy  targets, 
c*     to  transport  personnel, 
d,      to  attack  enemy  land  targets, 
4*      The  series  letter  of  an  HU-16B  is 
a,  B* 
b*  H, 
c,  U* 

d*      not  shown, 

iir 
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Frame  12  (ContM) 

5,  A  WB-57  designator  means  that  the  aircraft  is 

a,  an  attack  type  used  for  training, 

b,  a  weather  type  used  for  training, 

c,  a  fighter  modified  for  training  pilots, 

d,  a  bomber  with  weather  equipment  Installed, 

6,  The  aircraft  serial  number  is  located 

a,  inside  the  pilot's  compartment^  under  the  left 
window « 

b,  outside  the  fuselage^  under  the  pilot's  window* 

c,  on  the  lower  side  of  the  left  wing* 

d,  on  both  sides  of  the  fuselage, 

7*      One  distinguishing  characteristic  of  a  cargo/ transport 
aircraft  is  its 

a,  small  size* 

b,  thln^  short  wings, 

c,  large  cargo  door, 
d*  number  of  engines, 

8,      The  basic  mission  of  a  B-47A  Is  to 
a,     carry  cargo, 
b-     carry  passengers, 
c.     bomb  enemy  targets* 
d*     Intercept  and  destroy  enemy  aircraft. 


lis 
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Answers  to  Frame  11:    1^    0-51576    2.    200Q7    3/  65321 


Frame  13 

You  have  completed  the  first  part  of  this  lesson  covering  the 
types »  designation  and  distinguishing  characteristics  of  military, 
aircraft*    The  next  section  deals  with  the  major  structural  components 
of  an  aircraft — the  fuselage,  wings»  empennage,  engine  nacelles, 
jet  pods,  and  some  more  aircraft  markings* 


MO  RESPOMSE  REQUIRED 


Answers  to  Frame  IZx    1*    b    2.    c    3*    a    4/    a    5*    d    6.    b    7*  c 

8.  c 

Frame  14 

The  fuselage  is  the  central  body  portion  of  an  aircraft*  The 
cabin  or  cockpit  is  located  in  the  nose  of  the  fuselage  and  Is  some- 
times referred  to  as  the  crew  compartment* 

The  central  portion  of  the  fuselage  is  the  cargo  or  passenger 
section  of  cargo/transport  nircraft*    The  central  portion  of  a  bomber 
fuselage  is  used  to  carry  bombs*    Fuel  Is  sometimes  carried  in  this 
section  of  refueling  (tanker)  aircraft. 

An  illustration  of  the  KC-135A  "tanker"  Is  shown  below*  This 
aircraft  has  large  tanks  of  jet  fuel  in  its  fuselage  which  is  used 
to  retuel  other  aircraft  in  flight*    The  national  star  insignia  (A)  and 
U*S.  Air  Force  (B)  are  markings  on  each  side  of  the  fuselage  and  are 
located  on  most  aircraft  in  approximately  the  same  position  as  shown* 


Figure  2. 

Mark  the  following  f^tatements  true  (T)  or  false  (7)* 

1,      The  fiiH^lage  is  represented  by  section  "C"  in  the  above 
illust:  ttion* 

 2*      Fuel  is  carried  in  the  section  labe* -  J  "D." 


3.      The  cabin  area  is  located  in  the  nose  of  a  KC-^US. 


4.      Markings  "A"  and  "B"  are  found  on  both  sides  of  the 
fuselage. 

5*      The  empennage  is  the  tail  section  of  an  aircraft* 


t 
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Answers  to  Frame  13;    No  response  required 
Frame  1*) 

All  aircraft  have  wings  (airfoils)  to  provide  lift  and  support 
the  aircraft  in  flight.    High  speed  jet  fighters,  such  as  the  F-104A, 
have  short  thin  wings  as  shown  in  illustration  A.    The  WU**2A^  shown 
in  B  below,  has  long  thin  wings  to  support  flight  at  extremely  high 
altitude  where  the  air  is  thin.    A  helicopter^       has  rotary  wings  which 
enable  it  to  fly  vertically  and  horizontally.    Cargo  aircraft  have 
thick^  long  wings  to  provide  more  lift* 


RIGHT  WING 


c 


Figure  3» 

Is  the  following  statement  true?    Circle  either  YES  or  N0» 

I.      Wings  are  structural  units  that  support  the  4ircr;!ift  in 
fliyiht  by  providing  lift. 

ns  m 
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Answers  to  Frame  14:       T    1*       F    2,       T    3*       T    A*       T  5, 


Aircraft  reciprocating  engines  (engines  with  pistons)  are  enclosed 
in  engine  nacelles.    The  nacelles  cover»  streamline^  and  help  cool  the 
engines « 

Jet  pods  cover  and  streamline  jet  engines  when  the  engines  are 
mounted  under  the  wings. 

Engines  are  numbered  one»  two»  three>  four,  etc*»  starting  at 
the  aircraft's  left  wing  tip  as  seen  when  you  are  sitting  in  the  cockpit 
looking  forward* 

Mark  the  following  statements  true  (T)  or  false  (F) * 

 1*     Aircraft  engines  are  numbered  from  right  wing  tip  to  left 

wing  tip* 

2,      An  aircraft  has  the  same  number  of  nacelles  or  pods  as  it 
has  engines* 

 3,      Nacelles  cover»  streamline^  and  help  cool  reciprocating 


Frame  16 


engines. 
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Answer  to  Frame  15:  YES 
Frame  17 

Match  the  numbers  of  the  illustration  below  to  location  of  markings 
and  the  part  of  the  aircraft  they  identify.    Write  the  correct  number 
in  the  appropriate  spaces  provided. 


Figure  4, 


h. 


Vertical  stabilizer 

Number  2  engine 

Right  ving 

Right  horizontal 
stabilizer 

Left  horizontal 
stabilizer 

Number  A  engine 

Fuselage 

Left  wing 


i. 


J- 


1. 


n. 


o. 


Call  number 

U, S-  Air  Force 

Technical  data  legend 

National  star  (fuselage) 

Number  1  engine 

Empennage 

Cabin 


5  J 
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Answers  to  Frame  16: 


F  1, 


T  2. 


T  3. 


Frame  18 


THE  GENERATION  OF  LIFT 


A  balloon  filled  with  hydrogen  or  helium  rises  because  the  weight 
of  the  air  It  displaces  is  greater  than  the  weight  of  the  balloon^  The 
amount  of  force  that  keeps  it  up  in  the  air  is  the  difference  between 
the  balloon's  weight  and  the  weight  of  the  air  (see  figure  5).  Another 
way  of  saying  this  is  that  the  balloon's  lift  factor  Is  greater  than 
the  balloon's  weight  (which  is  the  pull  of  gravity  on  the  balloon  - 
t^ee  figure  6) . 


weiCHT  OF 

SAUOON 


V 
weiG«r  OF 


AMOUNT  OF 
FORCe 

PRODUCiNG  llfT 


SAL100K5 
WEIGHT 


V 


AMOUNT  OF 
FOACE 

ntOOUClNG  UF( 


SAIL00K5 
liFT  FACTOR 


Figure  5* 


Figure  6* 


NO  RESPONSE  REQUIRED 


Answers  to  Frame  17:       5  a.       9  2    c..      4    d.       6  e. 


1 

f. 

3 

8- 

7 

h. 

10 

i. 

12    j . 

13 

k. 

11 

1. 

8 

m. 

14 

n. 

15  0. 

Frame  19 

An  aircraft  gets  lift  from  the  air  tUrougli  whicli  it  flies,  but 
In  a  different  way  from  a  balloon.    Since  the  aircraft  weight  is 
greater  than  the  weight  of  air  it  displaces,  it  cannot  rise  like  a 
balloon.    It  must  genera^.e  its  own  lift  by  moving  through  the  air  at 
high  speed  and  allowing  the  wings  to  lift  the  aircraft. 

There  are  four  major  forces  acting  on  an  aircraft  while  it  is 
flying.    One  of  these  forces  is  already  known  to  you.    This  force  is 
called  gravity.    The  force  wlilch  makes  the  aircraft  move  forward 
through  the  air  ts  called  thrust.    Keep  in  mind  that  without  thrust, 
lift  cannot  be  generated*    But,  as  thrust  moves  the  aircraft  through 
the  air,  another  force  is  produced.    This  force  is  known  as  drag  - 
anything  that  moves  through  the  air  causes  drag*    These  four  forces 
are  summarized  in  the  diagram  below  and  explained  in  greater  detail 
in  the  fol'^owing  frames*    Only  when  you  become  familiar  with  the 
action  of  these  forces  on  the  aircraft  in  flight  can  you  understand 
how  aircraft  can  be  controlled  in  the  air* 


^  THtUST J 


Figure  7. 


Circle  the  correct  letter* 


Th 

force  necessary 

to  create  lift  is 

a. 

thrust . 

b. 

torque* 

c. 

weight. 

d. 

d  -ag. 
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Ansvi^ts  to  Frame  18:    No  response  required 


Frame  20 

The  force  that  overcomes  gravity  and  holds  the  aircraft  up  during 
flight  is  called  lift.    An  aircraft  gets  its  lift  from  the  atr  which 
passes  over  and  under  the  wings  as  a  result  of  its  motion.    To  under* 
stand  how  a  wing  generates  lift*  let's  first  examine  a  very  important 
discovery  made  by  a  man  namad  Bernoulli. 

Bernoulli  forced  air  through  a  piece  of  tubing  that  had  a  slight 
reduction  in  It  called  a  venturl  (see  diagram  *'a*'  below)  and  measured 
the  velocity  and  pressure  of  the  airstream  at  various  places  inside 
the  tube*    He  noted  that  the  velocity  of  the  air  increased  as  it  vent 
into  the  venturl.    He  also  noticed  that  as  the  velocity  Increased*  the 
air  pressure  decreased* 

Since  a  wing  (also  called  an  airfoil)  is  shaped  like  a  venturl  (see 
diagram  "b")*  the  airstream  flowing  over  the  top  of  the  wing  will  travel 
faster  than  the  air  under  the  wing.    Thus^  by  Bernoulli's  principle* 
•  the  pressure  of  the  air  will  be  lower  on  the  top  of  the  wing  and  higher 
on  the  bottom*    Therefore*  as  the  aircraft  moves  through  the  air*  its 
airfoils  ^11  help  to  generate  the  lift  needed  to  support  the  aircraft 
In  flight  (see  diagram  V*)* 


C 

THE  SHAPE  OF  THE  A|ftST«EAM   AftOUNO  A  WIHG 


Figure  8. 

Mark  the  following  statements  true  (T)  or  false  (F) . 

1.  Mr  pressure  is  greater  on  the  upper  surface  of  an  airfoil 
than  on  the  lower  surface. 

2 .  To  produce  lift*  air  must  flow  over  the  top  of  the  wing  faster 
than  it  flows  under  the  wing. 

^5Q 


135 

Answer  to  Frame  19:    1*  a 
Frame  21 

Since  the  alt  pressure  on  the  wing  decreases  as  the  velocity  of 
the  airstream  over  the  vlng  increases^  it  is  easy  to  see  that  the 
faster  the  aircraft  moves  through  the  <iir»  the  more  lift  its  wings  wilt 
generate*    Therefore*  lift  is  affected  by  airspeed  (the  speed  at  which 
air  flows  around  the  wings). 

Lift  is  also  affected  by  something  known  as  angle-of-attack^  Angle-^ 
o£-^attack  can  be  simply  defined  as  the  angle  at  which  the  wing  meets 
the  airflow.    But  this  definition*  although  simple*  doesn't  explain 
the  meaning  exactly.    To  explain  angle-of-attack  properly*  first  you 
need  to  mow  the  meaning  of  chord  and  relative  wind* 

chord  (pronounced  like  cord)  of  a  wing  Is  shortest  distance  from 
the  trailing  edge  to  the  leading  edge  of  the  wing  (see  figure  9)* 

In  aerodynamics*  the  relative  wind  Is  always  directly  opposite  to 
the  flight  path  of  the  aircraft.    Flight  depends  entirely  upon  main- 
taining sufficient  airflow  over  the  wings.    This  Is  why  aircraft  always 
take  off  Into  the  wind. 

Figure  9  below  shows  an  airfoil  and  Its  chord  line  extending  from 
the  leading  edge  to  the  trailing  edge.    Also  shown  ^s  the  direction  of 
the  relative  wind  (coming  from  the  left  In  the  diagram).    The  angle-of- 
attack  is  labeled  a  Cpronounced  alpha)  In  the  diagram. 


Figure  9* 


It  Is  possible  that  the  angle-*of-attack  can  become  so  great  that 
the  airfoil  stops  generating  lift.    When  this  occurs*  it  Is  referred 
to  as  stall  and  the  angle-of*attack  at  which  stall  occurs  Is  called 
the  stall  angle.    Do  not  spend  time  m^orlzlng  these  tenas  now*  They 
have  been  Introduced  to  you  so  that  you  will  recognize  and  be  able  to 
use  theiQ  when  you  see  them  again  later  in  the  course.    Vou  should  keep 
in  mind  though  that  both  airspeed  and  angle-of-attack  are  factors  that 
affect  lift, 

NO  RESPONSE  REQUIRED 


/3i 


Ansewrs  to  Frame  20: 


F  1, 


T  2, 


Frame  22 


The  one  force  with  which  wa  are  most  faciiliar  is  gravity*  It 
is  the  force  which  attracts  bodies  toward  the  center  of  the  earth* 
Gravity  is  always  at  work  trying  to  keep  the  aircraft  on  the  ground 
or  to  pull  it  back  to  the  ground  once  it  is  in  the  air* 


Figure  10* 

Is  this  statement  true  or  false?  Circle  either  YES  or  NO* 
1,      The  force  which  opposes  gravity  is  lift* 

YES  m 


25153 


Answers  to  Frame  21:         response  required* 
Frame  23 

In  order  for  the  aircraft  to  get  the  motion  required  for  lift, 
another  force  is  required.    Ttiis  force  is  called  thrust*    The  thrust 
may  come  from  the  propeller  driven  by  a  reciprocating  engine  or  a 
turbo-prop  engine,  or  from  the  reaction  of  exhaust  gases  in  a  jet 
engine.    In  general,  the  larger  the  aircraft  the  greater  the  thrust 
required  to  lift  it  off  the  ground. 


1*      The  force  retjuired  for  lift  is 

a.  drag* 

b.  gravity. 
c<  thrust, 
d.  torque. 


Figure  11, 


Circle  the  correct  letter. 


15:J 
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Answer  to  Frame  22t    1.  YES 


Frame  24 


As  Mon  as  the  aircraft  starts  moving  to  create  lift,  another 
force  is  created  which  opposes  the  movement  (see  illustration  below). 
This  force  is  called  drag.    Part  of  the  drag  is  caused  by  the  wing 
and  is  called  induced  drag,  because  it  is  produced  as  a  result  of 
the  creation  of  lift*    Part  of  the  drag  is  caused  by  the  fuselage 
and  other  parts  of  the  aircraft  exposed  to  the  airstream  and  is 
called  parasitic  drag*    There  is  no  way  of  preventing  drag,  but  by 
proper  design  it  can  be  kept  to  a  minimum*    Drag  always  acts  at 
right  angles  to  lift  and  opposite  in  direction  to  thrust* 


> 

< 


Figure  12. 


Circle  the  correct  letter. 


1* 


The  type  of  drag  caused  by  the  wing  is  called 


parasitic  drag. 


b. 


induced  drag . 


residual  drag. 


d. 


reduced  drag. 
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Answers  to  Frame  23:    1*  c 
Frame  25 

All  bodies  that  tum^  move  around  (about)  a  line  called  an  axis* 
There  are  three  imaginary  axes  about  which  an  aircraft  can  turn«  These 
axes  are  imaginary  straight  lines  passing  through  the  center  of 
gravity  of  the  aircraft.    The  center  of  gravity  of  an  aircraft  is  the 
point  from  which  it  can  be  suspended  In  air  and  remain  at  a  level 
position* 


Figure  13, 

Circle  the  correct  letter* 

1.     Center  of  gravity  of  an  aircraft  is  an  imaginary 

a*      line  through  the  longitudinal  center  of  the  aircraft. 

b*     point  at  which,  if  suspended^  the  aircraft  remains 
in  a  level  position. 

c,  line  bisecting  the  vertical  centerline  of  the  aircraft* 

d.  line  from  wing  tip  to  wing  tip. 


18 


Answer  to  Frams  2A:    1.  b 


Frame  26 

The  lonftltudinal  axis  extends  from  the  nose  of  the  aircraft  to 
the  tail,  through  the  center  of  gravity*    Movement  about  (around) 
this  axis  is  called  roll  or  bank. 

The  axis  which  extends  from  wing  tip  to  wing  tip*  through  the 
center  of  gravity  is  called  the  lateral  axis.    Movement  about 
(around)  this  axis  ts  called  pitch  (climbing  or  diving). 

The  imaginary  vertical  line  passing  through  the  center  of  gravity 
is  called  the  vertical  axis.    Movement  around  (about)  this  axis  is 
called  yaw. 

On  the  diagram  below,  select  the  letter  which  identifies  each 
axis  of  the  aircraft  and  write  the  letter  in  the  appropriate  space. 


z 


Figure  14, 

a.      Lateral  axis 


b.      Vertical  axis 


c.  Longitudinal  axis 

d.  Roll  axis 


e.      Yaw  axis 


^f*      Pitch  axis 


If??? 


Answers  to  Frame  25:    1.  b 
Frame  27 

In  a  previous  frame,  you  learned  how  an  aircraft  wing  (airfoil) 
generates  lift  when  air  flows  around  it*    }\ow  let^s  say  that  the  wing 
has  A  movable  surface  attached  to  its  trailing  edge  by  a  hinge  and  is 
capable  of  moving  up  or  down*    We  call  this  movable  surface  a  control 
surface  because  It  can  control  the  movement  of  the  aircraft*  Before 
discussing  what  happens  when  the  control  surface  is  moved  up  or  down 
into  the  alrstream,  you  must  first  become  familiar  with  some  terms 
that  you  will  use  virtually  every  day  in  your  Air  Force  career* 


In  the  illustration  above,  the  control  surface  is  aligned  with 
the  wing  and  is  said  to  be  streamlined*    In  other  words,  it  is  not 
deflected  into  the  airstream*    If  the  control  surface  is  attached  to 
the  wing  of  the  aircraft,  the  control  surface  is  called  an  aileron ; 
if  it  is  attached  to  the  rear  horizontal  stabilizer,  the  control  surface 
is  called  an  elevator;  and  If  the  control  surface  is  attached  to  ,the 
tail  (or  vertical  stabilizer),  the  control  surface  is  called  a  rudder. 
See  the  aircraft  control  surface  trainer  in  the  front  of  the  reading 
room.  * 

The  ailerons,  elevators,  and  rudder  are  known  as  primary  flight 
controls  *    The  ailerons  and  elevators  are  connected  by  means  of  cables 
or  push  rods  to  the  control  column  or  control  stick  In  the  cockpit  so 
they  cau  be  operated  by  the  pilot  and  co*pilot*    The  rudder  Is  connected 
to,  and  controlled  by,  the  rudder  pedals  In  the  cockpit*    Each  control 
surface  controls  the  aircraft's  movement  about  one  of  three  axes 
(lateral,  longitudinal,  or  vertical)  while  the  plane  is  in  flight* 

Check  the  correct  response  to  the  following  statements* 

1.      The  hinged  surfaces,  or  controls,  which  control  the  directional 
movement  about  the  axes  of  the  aircraft  are  called 

 ^a*  secondary  flight  controls* 

 ^b*  auxiliary  flight  controls. 

c*  primary  flight  controls* 

 ^d-  accessory  flight  controls. 

2*      Primary  flight  controls  consist  of 

 a*  flaps,  rudder,  and  stabilizer* 

 b*  rudder,  ailerons,  and  elevators. 

c.  spoilers,  tabs,  and  flaps* 
 d*  rudder,  tabs*  and  ailerons. 


WING 


MOVAIIE 
C0NT«OL 
SURFACE 


Figure  15* 


Answers  to  Frame  26:     _  Y    a.       2    b.       X    c .       X    d.       2  a. 

Y    f , 


Frame  28 

You  have  just  learned  Chat  if  the  control  surface  is  not  deflected 
u{>  or  down,  then  it  is  said  to  be  streamlined  with  the  wing*  Actually, 
the  wing  and  the  control  surface  appear  to  the  relative  wind  like  a 
single  wing«    In  other  words,  when  the  control  surface  is  streamlined, 
the  relative  wind  flows  passed  the  wing  and  generates  lift  due  to  the 
shape  of  the  wing  as  you  have  already  learned < 

If,  however,  the  control  surface  Is  moved  up  or  down,  the  relative 

wind  acts  on  the  wing  as  IZ  ihe  entire  wing  has  changed  shape!  Let's 

see  what  happens  when  the  control  surface  Is  moved  down  into  the 
airstream. 


Figure  16*  Figure  17 


Figure  16)  above,  shows  the  control  surface  deflected  down;  while 
figure  17  shows  how  the  relative  wind  '*sees*'  the  wing  in  this  configura- 
tion*   Notice,  the  airflow  lines  over  and  under  the  wing  in  figure  17. 
With  the  control  surface  deflected  down,  the  top  of  the  wing  actually 
appears  to  be  curved  more  now  than  it  was  when  the  wing  was  streamlined < 
Recall  that  the  curve  (or  venturi  shape)  of  the  top  of  the  wing  is  what 
causes  the  lower  pressure  on  top  and  thus  produce  an  upward  lift.  Well, 
since  the  wing  now  has  more  cut^^e  gn  top  (see  figure  17),  its  lift 
factor  will  Increase*    In  shorty  when  the  control  surface  is  moved  down, 
lift  is  increased < 


|f   NEGATIVE  IIFT 


Figure  .18, 

In  figure  18  above,  the  control  surface  is  moved  ug^  into  the  air- 
stream.    In  this  configuration,  the  relative  wind  acts  on  the  wing  as  if 
the  underside  of  the  wing  were  more  curved  than  the  top.    This  produces 
the  opposite  lift  effect  fiom  before*    The  wing  still  produces  lift, 
but  this  time  the  lifting  force  causes  the  wing  to  go  down*    This  is 
sometimes  called  negative  lift^     It  would  be  just  as  correct  to  say  that 
when  the  control  surface  is  moved  up,  lift  is  decreased. 


H2» 

Frame  23  (Cont'd) 

Mark  the  following  statements  true  (T)  or  false  (F) , 

1>      When  the  control  surface  is  move^  up,  the  wing  loses  lift, 

 2.      When  the  control  surface  is  moved  down,  the  wing  loses  lift, 

3>      If  the  control  surface  is  streamlined,  the  wing  generates 

no  lift. 

4>      If  the  top  of  the  wing  is  more  curved  than  the  bottom,  lift 

is  produced  In  an  upward  direction. 

___5,     When  the  control  surface  is  moved  up,  the  underside  of  the 

wing  will  appear  to  have  more  curve  to  it  than  the  top,  thus 
negative  lift  is  produced  in  ^  downward  direction. 


\ 
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Answers  to  Frame  27:    1,    c    2,  b 

Frame  29 

The  elevators  cause  the  aircraft  to  move  around  the  lateral 
(pitch)  axis*    They  are  connected  by  hinges  to  the  horizontal  stabilizer 
so  that  the  pilot  can  move  them  up  or  down  by  moving  the  control  column 
(or  stick)  forward  or  backward* 

If  the  stick  is  pullad  backward*  both  exevators  move  up.    As  you 
learned  earlier,  this  causes  the  horizontal  stabilizer  to  lose  lift. 
Thus  the  tall  of  the  aircraft  drops  causing  the  nose  of  the  plane  to 
pitch  up* 

If  the  control  stick  Is  pushed  forward,  the  elevators  move  down*  This 
produces  more  lift  in  the  tall  section  of  the  aircraft  causing  it  to 
go  up  and  the  nose  of  the  plane  to  pitch  down.    Kemember,  stick  back  ^ 
nose  up;  stick  forward  -  nose  down.    To  see  the  elevators  in  action, 
refer  to  the  aircraft  control  surface  trainer  in  the  classroom  and  ask 
your  instructor  to  demonstrate  it. 

TRUE  or  FALSE 

1*      The  elevators  move  in  opposition  to  each  other  -  when  the  left 
goes  up,  the  right  goes  down  and  vice  versa* 

 2.      Elevators  control  the  pitching  of  the  aircraft, 

 3*      If  the  pilot  pushes  the  stick  forward,  the  plane  will  go 

into  a  dive« 


ISG 
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Answers  to  Frame  28: 


F  2. 


F  3. 


T  4. 


T  5. 


Frame  30 

Th.rJ)^  1"?**^^  Is  connected  to  the  rudder  pedals  inside  the  cockpit, 
1^"/"^  ^^'^^'^  P^**^^  *hat  move  opposite  each  other 

That  is.  when  the  nidder_  £edal  is  de^r^         left  rudder 

?hf  i^JJ.  connections  to  move  the  rudder  to 

iS|  J£iani-    Air  pressure  on  the  rudder  then  pushes  the  tail  to  th~ 
left  and  the  aircraft  pivots  around  the  vertical  axis  so  that  its 
nose  moves  to  the  right.    In  short,  right  rudder  pedal  depressed 
causes  the  nose  of  the  aircraft  to  move  to  the  right.    In  a  similar 
manner,  depressing  the  left  rudder  pedal  causes  the  nose  of  the  plane 

llJ^^V\i     .  movement  about  the  vertical  axis  is  called 

law.    See  the  aircraft  control  surface  trainer. 

Check  the  letter  of  the  correct  responses  tc   .ne  following  statements. 
1.      Movement  about  the  vertical  axls'is  called 
 a.  roll. 


2. 


The  rudder  causes  the  aircraft  to  move  around  (about)  which 
axis? 

_a.  Longitudinal 

_b.  Lateral 

_c.  Horizontal 

d.  Vertical 


3.     The  primary  flight  control  which  is  hinged  to  the  trailine 
edge  of  the  vertical  stabilizer  is  the 


__a. 
b. 


aileron. 

elevator. 

rudder. 


1S7 
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Answers  to  Frame  29;   F  1*       T    2.       T  3. 

Frame  31 

Ihe  ailerons  control  the  movement  of  the  aircraft  around  the 
longitudinal  (roll)  axis«    Ihey  form  a  part  of  the  trailing  edge  of 
the  wings*  but  they  are  hinged  In  place  so  that  they  c^n  be  moved  up 
or  down.    Each  wing  has  an  aileron* 


CONTftOL  COLUMN  CONTItOL  STICIC 


Figure  19* 

Ihe  ailerons  are  connected  to  the  control  system  so  the  pilot 
can  move  them  by  turning  the  control  column  wheel  to  the  right  or 
left,  or  by  pushing  the  control  stick  from  side  to  side  as  illustrated 
above.    Ihe  ailerons  are  rigged  so  that  when  one  aileron  is  raised, 
the  other  one  Is  lowered*    As  shown  in  thf»  illustration,  vhen  the 
control  column  wheel  is  turned  to  the  left  or  the  control  stick  is 
pushed  to  the  left,  the  left  aileron  moves  up  and  the  right  aileron 
moves  down*    This  movement  has  the  effect  of  increasing  the  lift  of 
the  wing  with  the  lowered  aileron  and  decreasing  the  lift  of  the  Vjng 
with  the  raised  aileron*    If  the  control  column  wheel  or  stick  Is 
moved  to  the  right,  the  action  of  the  ailerons  reverses*    To  better 
understand  the  operation  of  the  ailerons,  refer  to  the  aircraft  control 
surface  trainer  in  the  reading  room*^ 

RIGHT  AUESOM  TupT        /sT    *'  BIGKI  WIMG  UP, 


WING 
OOMN 


l£fT  AlUROH  (DOV/Nt 


A  LEFT  WING  UP 

Figure  20* 


Using  the  diagram  above,  check  the  correct  statement  as  true  (T)  or 
false  (F)* 

1.      £he  ailerons  cause  the  plane  to  roll  about  the  longitudinal  axis, 
2*      Aircraft  movement  caused  by  the  ailerons  Is  called  yaw* 
 3*      The  ailerons  move  In  the  same  dir'^ction  at  the  same  time* 
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Ansutrn  to  Frame  30;        b    X*        d    2*        c  3.. 


Frame  32 

Match  the  information  given  in  the  right-hand  column  below  to 
the  appropriate  flight  control  listed  in  the  left-hand  column*  Write 
the  correct  letter  in  the  appropriate  spaces  provided. 


CENtt*  Of  Gwvtry 


eon 


Figure  21 


a.  Ailerons 

b.  Elevators 


I. 


2, 


3. 


5- 


Located  on  the  trailing 
edge  of  the  horizontal 
stabilizer. 

Cause  movement  about  the 
longitudinal  axis. 

Located  on  the  trailing 
edge  of  both  wings. 

Controls  roll  or  bank. 

Cause  movement  about  the 
lateral  axis. 
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Answers  to  Frame  31:       T    1*       F    2.       F  3* 


Frame  33 

HOW  AN  AIRCRAFT  TURKS 

Most  of  you  are  familiar  with  riding  tm-wheel  bicycles.  Have 
you  ever  thought  about  how  you  turn  corners  on  a  bicycle?  When 
approaching  a  right  or  left  turn»  the  basic  maneuver  is  to  lean  in 
the  direction  of  the  turn.    The  action  of  tilting  the  bicycle  left 
or  right  causes  the  cycle  to  turn  the  corner*    If  you  were  to  sit 
straight  up  on  the  cycle  and  only  turn  the  handle  bars«  you  would  have 
to  make  a  very  gradual  turn  in  order  to  keep  your  balance  and  remain 
stable  in  the  turn.    However^  by  tilting  the  cycle  and  leaning  into 
the  turn,  you  can  make  sharper  turns  at  higher  speeds  and  still 
remain  stable*    Truly,  the  most  efficient  means  of  turning  corners 
on  a  bicycle  is  to  tilt  the  cycla  in  the  direction  of  the  turn* 

Believe  it  or  not,  an  aircraft  is  very  similar  to  a  bicycle  in 
the  way  it  turns  in  the  air*    Contrary  to  what  many  people  think,  the 
rudder  on  the  aircraft  is  not  used  to  execute  turn  maneuvers*  In 
order  to  turn  to  the  left  or  right,  the  pilot  banks  or  rolls  the 
aircraft  in  the  direction  he  wishes  to  turn  with  the  use  of  the 
ailerons.    The  greater  the  bank  angle,  the  sharper  the  turn  will  be* 
However,  there  is  a  limit  to  how  steep  the  bank  angle  may  be  depending 
on  how  fast  the  aircraft  is  traveling.    If  the  Aircraft  is  traveling 
too  fast,  it  will  skid  out  of  the  turn*    If  the  plane  is  traveling  too 
slowly  for  the  particular  bank  angle  set  by  the  pilot,  it  may  slip 
(or  fall)  into  the  turn* 

Both  slipping  and  skidding  are  considered  uncoordinated  turn 
conditions*    If  a  turn  becomes  uncoordinated,  the  rudder  is  used  to 
recoordinate  the  turn*    This  is  one  primary  use  for  the  rudder  in 
flight.    You  will  learn  other  uses  for  the  rudder  In  a  later  block* 
For  now,  it  is  important  to  remember  that 

1,  the  ailerons  are  used  to  turn  by  causing  the  aircraft  to 
bank  to  the  left  or  right* 

2,  the  rudder  is  used  for  turn  coordination  if  the  aircraft 
slips  or  skids  during  the  turn* 

NO  RESPONSE  REQUIRED 


i  To 
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Answers  to  Frame  32;    _b_l,       a    2,       a    3,       a    4,       b  5, 


Frame  3A 

According  to  Newton^s  First  Law  of  H9tloa«  a  body  already  In 
motion  will  remain  in  motion  In  the  same  direction  until  it  is 
acted  upon  by  an  unbalanced  force.    You  loiow  from  a  previous  frame  that 
in  straight  and  level  flighty  all  the  forces  acting  on  the  plane  are  in 
balance.    Therefore^  the  plane  will  continue  flying  straight  and  level* 
If  the  pilot  pulls  the  control  stick  to  th(^  rights  the  ailerons  repositio 
themselves  out  of  their  streamlined  position  creating  unbalancing 
forces  on  the  plane  causing  It  to  roll  to  the  right,    Thls^  as  you  now 
know^  causes  the  plane  to  turn  to  the  right* 

Now  let^s  say  the  pilot  places  his  control  stick  back  to  center* 
Uils    of  course  will  cause  the  ailerons  to  become  streamlined  once 
again*    All  the  forces  become  balanced  on  the  aircraft  again  and  the 
plane  obeys  Newton* s  first  law  -  It  remains  banked  to  the  right  and  will 
continue  turning  to  the  right*    In  fact^  the  plane  will  turn  cli;cles  in 
the  air  until  the  pilot  pushes  his  control  stick  to  the  left  to 
bring  the  plane  out  of  the  turn* 

What  has  been  said  above  is  true  not  only  for  ailerons^  but  also 
for  elevators  and  rudder*    When  the  pilot  performs  a  maneuver  with 
the  control  surfaces^  the  aircraft  will  react.    Once  the  aircraft  has 
reached  its  new  position^  the  pilot  must  re*streamllhe  the  control 
surface*    The  plane  will  then  continue  flying  in  that  new  position  until 
the  pilot  (or  autopilot)  commands  a  different  maneuver*  / 

NO  RESPONSE  REQUIRED 
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Answers  to  Frame  33;    No  response  required 


Frame  35 


The  secondary  cotitrol  surfaces  are  the  trim  tabs,  balance  tabs, 
and  servo  tabs*    These  tabs  are  used  to  reduce  the  force  requited  to 
move  the  primary  control  surfaces  and  for  trimming  and  balancing  the 
aircraft  while  in  flight •    These  tabs  are  small  airfoils  attached  to, 
or  recessed  into,  the  trailing  edge  of  the  primary  control  surfaces. 


STAlUlZEft  OK  WtNO 


PRlMAftV  CONTROL 


ADJUSTAILE  TAM  TAI 


CONTROL  LINKAGE  . 
FROM  PILOT  OR  AUTOPILOT 


Figure  22, 

In  the  illustration  above,  an  adjustable  tab  is  attached  to  ^he 
primary  control  surface*    When  the  pilot  or  autopilot  operates  the 
control  linkage^  the  tab  moves  first  which  creates  enough  air  pressure 
difference  to  cause  the  primary  control  surface  to  move  in  the  opposite 
direction* 

In  the  illustration  below,  notice  that  the  down  moving  tab  caused 
the  primary  control  surface  to  move  up,  ^ 


CONTItOL 
LINKAGE 

MOVED 


TAI  MOVES 
DOWN 


Figure  23 • 


Such  tabs  are  not  generally  required  on  modern  aircraft,  however, 
due  to  the  use  of  hydraulic  power  to  give  the  pilot  mechanical 
advantage*    But  there  is  another  type  of  secondary  control  surface  that 
is  required  on  today*s  fast  moving  aircraft •    They  are  called  spoilers 
and  they  operate  quite  differently  from  the  tabs  just  discussed, 

NO  RESPONSE  REQUIRED 


Answers  to  Frame  34:    No  response  required 
Frame  36 

The  development  of  sweptback  wings  made  lateral  control  by  ailerons 
alone  mote  difficult.    Segmented  sections  called  spoilers  were  attached 
to  the  upper  surface  of  the  wings  for  two  primary  reasons*    One  reason 
is  to  reduce  wing  twisting  caused  by  the  use  of  alleronsi  the  second 
reason  is  to  aid  in  lateral  control  of  the  aircraft* 

Actually,  spoilers  do  exactly  what  their  name  implies  they  spoil 
or  interrupt  the  flow  of  air  over  the  wing  causing  not  only  a  reduction 
in  lift,  but  also  an  increase  in  drag  on  the  affected  portion  of  the 
wing*  When  a  spoiler  is  operated  on  one  vlng^  that  wing  loses  lift  and 
the  aircraft  rolls  in  that  direction*  By  activating  the  spoilers  on 
both  wings  simultaneously,  the  spoilers  can  be  used  as  brakes  to  reduce 
airspeed  prior  to  landing  and  during  landing  maneuvers* 

It  is  important  to  remember  that  although  the  spoilers  perform 
the  same  job  as  ailerons,  they  do  not  operate  In  ^he  same  way*  Spoilers 
on  the  left  and  right  wings  can  be  operated  independently  from  each 
other*  Also,  spoilers  can  only  be  deflected  u£  into  the  airsrream, 
never  down.  Therefore,  spoilero  can  only  cause  an  affected  wing  to 
lose  lift,  not  to  increase  it.  The  illustration  below  shows  the 
placement  of  the  spoilers  on  a  large  sweptback  wing  aircraft. 


SPOtlfR  NO  6 


SPOI16R  NO, 7 


Figure  24* 


Select  the  correct  answer. 


1* 


The  purpose  of  spoilers  is  to  - 

a.  Increase  drag  during  takeoff. 

b.  increase  thrust  while  landing. 

c.  aid  in  reversing  thrust. 


d. 


aid  in  lateral  control* 
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Answer  to  Frame  35;         response  required 


Frame  37 


The  size  and  speed  of  aircraft  have  Increased  so  much  that  the 
primary  and  secondary  controls  alone  are  not  sufficient  for  proper 
control  of  the  aircraft*    To  supplement  these  controls,  additional 
control  surfaces,  called  auxiliary  flight  controls,  are  used* 

As  the  cruising  and  top  speed  of  aircraft  increased,  the  landing 
and  takeoff  speed  slso  increased*    Even  though  runways  were  lncreas€d 
in  length,  it  became  necessary  to  find  some  means  for  slowing  the 
aircraft  without  stalling  during  landing  and  takeoff* 


Flaps  of  various  types  were  added  to  Increase  lift  during  take- 
off and  drag  during  landing*    These  wing  flaps  are  located  on  the 
Inboard  trailing  edge  of  the  wings*    On  some  of  our  aircraft,  such  as 
the  and  the  F-4C,  there  are  flaps  on  the  leading  edge  of  the 

wings  also. 

Select  the  correct  ststement* 

1,     The  auxiliary  flight  control  which  is  used  to  increase  drag 


on  landing  and  lift  during  takeoff  is  the 
a.  aileron* 
b-  rudder* 
c*     wing  flap* 
d*  elevator* 


Figure  25* 


Answer  to  Frame  36:  1.  d 
Frame  38 


On  some  types  of  aircraft  you  may  see  in  your  Air  Force  career, 
the  primary  and  secondary  control  surfaces  are  combined  and  given 
names  which  indicate  the  combination*    For  example*  elevators  and 
ailerons  are  combined  into  one  control  surface  called  an  elevon, 
rudder  and  elevator  are  combined  to  form  a  ruddevator;  and  so  on* 
These,  so  called,  composite  control  surfaces  are  not  really  important 
in  your  study  right  now  so  we* 11  leave  them  and  move  on  to  something 
new* 

KO  RESPONSE  REQUIRED 
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Answer  to  Frame  37:    1*  c 

Frame  39 

Place  the  correct  letter  ia  the  space  next  to  the  circled  numbers  on 
the  illustration. 


horizontal  stabilizer 

trim  tab  (aileron) 

b. 

rudder,  controls  yaw 

8- 

wing  flap 

c. 

vertical  stabilizer 

h. 

aileron,  controls  roU 

d. 

trim  tab  (rudder) 

i. 

xrf.ng  (left) 

e. 

elevator,  controls  pitch 

spoilers 
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Answers  to  Frame  38:    No  response  required 
Frame  AO 

This  completes  the  segment  of  this  lesson  principles  of  flight 
and  flight  control  surfaces.     In  this  next  portion  of  this  text, 
you  will  cover  major  aircraft  systems—fuel,  oil,  propulsion 
(engine),  electrical,  hydraulic  and  landing  gear.    Ihese  systems 
must  be  operational  if  a  powered  aircraft  is  to  make  sustained  flight* 

The  fuel  system  must  provide  storage  space  for  large  quantities 
of  fuel  and  supply  fuel  to  the  engine  at  the  correct  pressure* 
Without  fuel  or  a  fuel  system,  the  propulsion  system  (engines)  is 
not  going  to  operate. 

Mark  the  following  statements  true  (T)  or  false  (F). 

1 .      Ihe  fuel  system  provides  the  storage  space  and  fuel  to 
ooerate  the  engines* 

  .      A  powered  aircraft  can  make  a  sustained  (continuous)  flight 

without  fuel  or  a  fuel  system. 
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Answers  to  Frame  39:    !•    h    2.    j    3*    c    A.    d    5.    e    6*  b 

a    8.    g    9.    f  10.  i 

Frame  41 

Oil  under  pressure  lubricates  the  moving  parts  of  an  engine. 
Lubrication  of  the  moving  parts  prevents  them  from^sticking  together 
(freezing  up).    Cil  does  this  by  reducing  friction  and  the  buildup 
of  excessive  heat  between  moving  parts*    Without  oi),»  an  aircraft 
engine  will  "freeze  tip"  due  to  friction  and  excessive  heat*  Naturally, 
the  engine's  internal  parts  will  bt  seriously  damaged  if  operated 
without  oil* 

Mark  the  following  statements  true  (T)  or  false  (F) * 

 1*     Hie  oil  system  provides  lubrication  for  the  moving  parts 

of  engines* 

 2*      Friction  and  heat  is  reduced  by  the  circulating  oil, 

 ^3*      Operating  an  aircraft  engine  without  oil  for  a  short 

period  of  time  will  have  no  effect  on  th^  engine* 


Answers  to  Frame  AO:       T    1*       F  2, 


Frame  42 

The  propulsion  (engines)  system  provides  power  (thrust)  to  get 
the  aircraft  moving  and  keep  it  airborne.    It  also  drives  engine 
accessories  for  production  of  electrical,  hydraulic  and  pneumatic 
power.    The  two  types  of  engines  most  commonly  used  on  today's 
aircraft  are  the  reciprocating  (piston)  and  the  jet  engine, 

Mark  the  following  statements  true  (T)  or  false  (F), 

 1.      The  two  types  of  propulsion  systems  most  commonly  used  on 

today's  aircraft  are  reciprocating  and  pistor « 

 2.      Accessories  for  producing  electrical,  hydraulic  and 

pneumatic  power  are  driven  by  the  engine. 

 3 ♦      The  propulsion  system  provides  the  power  to  get  the 

aircraft  airborne* 


Answers  to  Frame  41:       T    1>       T    2>       F  3* 


Frame  43 

The  electrical  system  provides  the  electrical  energy  for  igniting 
the  fuel-air  mixture  in  the  engine.    The  electrical  system  must  also 
furnish  current  for  aircraft  lighting  and  operation  of  various  gages 
and  motors.    Modern  aircraft  are  equipped  with  many  electronic  devices 
requiring  both  alternating  current  (AC)  and  direct  current  (DC)  power. 
The  electrical  generating  components  may  be  driven  from  the  engine* s 
accessory  gear  case. 

Mark  the  following  statements  true  (T)  or  false  (F) . 

 1»      Electrical  energy  is  used  to  ignite  the  fuel-air  mixture 

in  the  engine. 

 2.     Modern  aircraft  with  many  electronic  devices  require  only 

AC  power. 

3.      Etigine  driven  accessories  may  include  electrical  generating 
components. 
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Answers  to  Frame  42:       F    1 .       T    2*       T    3* , 
Frame  44 

The  hydraulic  system  Is  used  to  operate  flight  controls  and 
landing  gear  on  some  aircraft,    h  small  force  exerted  by  the  pilot 
Is  multiplied  by  this  system  and  transmitted  through  fluid  to  units 
to  be  operated*    Some  of  the  Important  functions  of  the  hydraulic 
system  is  to  provide  power  for  raising  and  lowering  the  landing  gear 
and  operation  of  the  brakes* 

Mark  the  following  statements  true  (T)  or  false  (F)* 

1*      The  hydraulic  system  Is  used  to  operate  at^d  control  engine 
driven  accessories* 

2*      A  small  force  exerted  by  the  pilot  will  be  multiplied  by 
the  hydraulic  system  to  move  a  large  control  surface* 

3.      Before  l^t^ding*  the  landing  gear  is  extended  by  hydraulic 
system  pressure* 


X  X 
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Answrs  to  Frame  43;       T__l,    _F    2,       T-  3, 


Frame  45 

The  landing  gear  system  supports  the  aircraft  during  landing  or 
while  resting  oa  the  ground.    The  landing  gear  is  either  fixed  or 
retractable.    We  are  concerned  here  with  the  retractable  landing  gear. 
There  are  three  typej^  of  retractable  landing  gears;  the  conventional* 
tricycle  and  bicycle.    The  conventional  type  has  two  main  wheels  and 
a  tall  wheel*    The  tricycle  type  Is  similar  to  the  conventional  type 
except  It  has  a  nose  wheel  Instead  of  a  tall  wheel*    The  bicycle 
type  landing  gear  has  the  main  gear  located  cear  the  nose  and  tall 
sections  of  the  fuselage.    Small  wheels*  one  under  each  wing*  balance 
the  aircraft  on  the  ground.    The  B»52  has  a  variation  of  a  bicycle  type 
gear  called  quadricycle*    The  quadrlcycle  has  two  main  wheels  near  the 
nose  section  and  two  near  the  tail  section* 

Mark  the  following  statements  true  (T)  or  false  (F), 

 I*  All  aircraft  have  retractable  landing  gear* 

 2,  There  are  two  types  of  retractable  landing  gear* 

 3,  La,idlng  gear  supports  the  aircraft  in  flight, 

  The  B-52  has  a  quadrlcycle  type  landing  gear. 


■iS:2 


Answers  to  Frame  44:        F    1.        T    2,       T    3.  ' 


Frame  46 

Miscellaneous  aircraft  systems  such  as  instruments,  air  conJi- 
tioningt  de-icing,  oxygen,  water  injection,  fire  warning,  etc.,  will 
not  prevent  flying  the  aircraft  if  they  are  malfunctioning.  However, 
for  "Safety  of  Flight,"  and  the  protection  of  the  aircrew  and  air- 
craft, the  aircraft  are  not  normally  flown  when  any  of  the  above 
systems  are  malfunctioning. 

NO  RESPONSE  REQUIRED 
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Answers  to  Frame  45: 


F  1. 


F  2. 


F  3, 


Frame  47 


This  completes  another  segment  of  this  lesson  dealing  with  major 
aircraft  systems*    In  this  final  portion  of  the  lesson,  the  station 
numbering  system  will  be  presented*    This  system  Is  important  to  you 
the  maintenance  person  because  it  will  help  you  find  components  on  an 
aircraft  that  you  may  have  never  worked  on  before*    Some  aircraft  TOs 
refer  to  component  positions  on  the  plane  by  station  number  elements. 
Each  element  is  made  up  of  basically  three  or  four  numbers  depending 
on  where  the  component  is  located*    The  three  numbers  referring  to 
components  found  in  the  main  fuselage  of  the  aircraft  are  known  as 
thft  body  station  (BS),  body  buttock  line  (BBL),  and  water  line  (WL)* 

Body  stations  (BS)  are  distances  measured  in  inches  from  a  point 
forward  of  the  aircraft's  nose  (called  station  number  0)*    The  numbers 
increase  as  you  go  aft  along  the  fuselage  to  the  tail*  Therefore, 
the  number  of  the  station  tells  how  Enany  inches  from  station  0  a  component 
is. 

Body  buttock  lines  (BBL)  are  distances  measured  left  or  right  (in 
inches)  from  the  centerline  of  the  aircraft.  Those  on  the  left  of  the 
centerline  are  indicated  by  the  letter  '*L";  those  on  the  right*  by  the 
letter  "R*" 


Water  lineS'  (WL)  begin  at  WL  0  somewhere  below  the  lowest  part  of 
the  fuselage  and  increase  as  you  go  upward  toward  the  top  of  the  plane. 
These  numbers  are  also  measured  in  inches. 

Thus,  for  any  component  in  the  main  fuselage  of  the  aircraft,  these 
three  numbers  are  suffi'.  lent  to  exactly  define  its  position  in  the 
aircraft*    However,  if  the  component  is  found  along  or  inside  one  of 
the  wings,  another  number  is  required*    This  number  is  called  the  wing 
station  (WS)  number  and  is  measured  along  either  wing  (left  or  right), 
beginning  at  the  centerline  of  the  aircraft  and  moving  outward  along 
the  wing*    This  is  also  measured  in  inches*    The  figure  on  the  next  page 
summarizes  the  station  numbering  system* 

Choose  the  correct  answer  for  the  following  questions* 

1.  Body  stations,  body  buttock  lines,  water  lines,  and  wing 
stations  are  used  in  the 

a*      Air  Force  Technical  Order  system* 

b^      deficiency  reporting  system* 

station  numbering  system^ 

d*      data  collection  system* 

2.  Tiie  purpose  of  the  station  numbering  system  is  to 
a*      aid  in  the  location  of  various  parts  or  units, 
b*     aid  in  the  use  of  the  data  collection  system, 
c*      be  used  in  the  number  sequencing  of  aircraft* 
d.     aid  in  the  identification  of  types  of  aircraft. 


Ib3 


BSL-GOOV  BUTTOCK  LINE,  DISTANCE  IN  A  HOJtiZONTAL  PLANE       BS -BOOV  STATION.  DISTANCE  FROM  A  POINT  57  tNCHES  FOR- 
MEASUAED  FROM  THE  VERTICLE  %   OF  THE  AIRPLANE  BODY         WARD  OF  THE  NOSE  TO  A  PLANE  PERPENDICULAR  TO  THE 
IN  EITHER  QIRECTtON  BODY       tN  INCHES 


n^lVATER  LINE,  DISTAHCE  MEASURED  ABOVE  A  HORIZONTAL 
CATUM  KITH  THE  BOTTOM  OF  THE  BDOY  BETWEEN  BDOY 
STATIONS  368  AND  11B5  AS  WL  1D0 


WS-K1NG  STATION 


AirpUne  Station  Nomenclature  Diagram 
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Answers  to  Frame  46:    No  response  required 
Answers  to  Frame  ^7:    1.    c,    2.  a 

This  completes  the  test  on  Aircraft  Familiarization.    When  you  have 
completed  this  PT»  and  have  no  cjuestions  about  its  contents,  you  may 
take  the  appraisal. 
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FOBEUOBD 

Ithls  prograsmad  t«xt  was  prepared  £or  us^  In  the  3AfiIt32S3It 
3ABS42230»  3ABR32S30*l«  tnstructloaal  Syatens  and  vas  validated  using 
3X  atudants  enrolled  In  the  3ABK32S31  course  end  35  sttidenta  In  the 
3ABSA2330  coursii.    At  leest  90  percent  of  the  studanta  achieved  Che 
objectives  as  stated.    The  avere^ii  time  rei^uired  to  complete  this 
text  is  SS  minutes. 

0B41CTIVES 

After  completing  this  prograimud  text  and  without  the  aid  of 
references^  you  will  be  eble  to  Identify: 

1,  The  principal  objective  of  ground  safety.. 

2,  Frectlces  of  good  housekeeping  as  being  an  aid  to  safety^ 
fire  prevention  and  fire  safety. 

3,  Apply  precautions  pertaining  to  electrical/electronic 
equipment. 

4*     Precautions  to  obaerve  while  working  around  danger  areas. 

S.     The  hezarde  of  high  intensity  aound  and  the  protective 
devices  to  use. 

6*     The  radiation  hesard  aynbol  that  applies  to  radioactive 
parts  and  material. 

N^te:    The  objectives  will  be  completed  to  an  overall  accuracy 
of  SOZ. 

INSTSUCTIONS 

This  programmed  text  presents  information  in  small  steps  called 
"fraaee."   Carefully  study  each  frame  untxl  you  understand  its  contents. 
Tou  ere  re<)uired  to  identify  or  complete  or  match  items  to  related 
situations.    Specific  instructions  are  given  in  each  frame.  Check 
the  acC^uracy  of^  your  work  by  looking  at  the  answer  at  the,  bottom  of 
the  following  fraoe.    If  your  response  le  incorrect^  read  the  frame 
again  and  correct  your  error  before  going  to  the  next  frame.  DO 
HOT  fiumt 
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Frame  1 

Host  accidents  don*t  just  happen.    They  are  caused  by  unsafe 
acts  of  people.    Safety  education  is  the  most  effective  tool  in  pre-  ' 
venting  these  acts.    Training  Is  a  particularly  Important  accident 
prevftntlon  control;  It  gives  each  man  a  personal  safety  tool  by 
developing  habits  of  safe  practice  and  operation.    The  principal 
objective  of  any  safety  program  Is  to  provide  safe  operating  standards 
for  ground  operations  that  will  aid  in  eliminating  accldent-^causing 
sources. 


Check  the  correct  statemeiit(s) » 

<■ 

1.    Most  ac:cldents  are  "man  made"  and  can  be  controlled.  \ 

^'        ,,  Adequate  safety  education  Is  the  most  effective  way  of 

preventing  "man  made"  accidents. 

3.  ^  Trainipg  usually  Is  ineffective  in  preventing  accidents. 

4.  ^^^^        One  principal  objective  of  any  safety  program  Is  to 

eliminate  accident- causing  sources. 


1 
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Frame  2 


Accident  pravenclon  is  Che  responsibility  of  managem^t  personnel 
such  M  cQmaanderd  and  supervisors*    However^  the  person  most  responsible 
for  7<3ur  own  safe  vork  habits  and  attitudes  can  only  be  yourself  *  Unless 
you  develop  safe  vork  habits  and  constantly  practice  safety^  you  or 
your  fellow  workmen  may  be  Injured* 


Check  the  correct  statement(s) . 

1*  If  you  are  involved  in  an  accident,  you  should  always 

blame  your  supervisor. 

2*    Being  completely  familiar  with  safe  work  procedures 

does  not  insure  against  accidents. 

3.    Accident  prevention  is  the  responsibility  of  management  \ 

personnel. 

4*    You  are  responsible  for  your  safe  work  habits. 

Answers  to  £rame  1^ 

1,    /        2.    /        3*  4.  / 


IS'/' 


2 


Frame  3 

r 

Accidrata  involvlDg  hondtools  are  usually  the  result  of  misuse. 
Just  WcAuse  handtools  are  simple  devices  does  not  mean  they  can  be 
usad  sa£aXy  by  anyoua  with  little  or  do  training.    Therefore,  pre^^ 
Vttntlon  of  accidents  Involving  handtools  bscomae  a  matter  of  proper 
instruction  and  adequate  training  In  safe  working  practices, 

Cback  the  correct  statsmeat(s) , 

^*       ,  Proper  instruction  Is  better  than  experience  when  learning 

to  use  handtools, 

^*  Simple  handtools  are  not  dangerous;  It  Is  only  their 

misuse  that  causes  accidents, 

^*  should  be  taught  bandtool  safety  bafore  using  them* 

^-        ,  The  misuse  of  handtools  Is  not  a  violation  of  safety 

rules. 

Answers  to  frame  Z% 

1,  2,    /        3,    /       4,  / 


no 

Frame  4 

Screwdrivers  are  probably  the  most  commonly  used  handtool.  They 
are  used  for  one  purpose  —  to  loosen  or  tighten  screws.  If  used  for 
other  purposes,  they  are  misused.  Common  misuses  of  screwdrivers  are 
as  follows: 

1.  punches .  4 .      prys .  7 ,      wedges . 

2.  chisels.  3.     nail  pullers.    3.  scrapers, 

3.  pinch  hars.       6.  hammers. 

The  misuses  listed  above  are  dangerous  to  personnel,  as  well 
aa  damaging  to  the  screwdrivers  which  makes  them  unsafe  for  further 
use. 

Check  the  correct  statemt,^t(s) . 

1*    You  may  misuse  a  screwdriver  as  long  as  you  think  It  Is 

a  safe  act. 

2.    Damaged  screwdrivers  must  not  be  used. 

3.    Screwdrivers  are  designed  for  use  on  screws. 

Answers  to  frame  3: 

1.    /        2.    /        3.    /  4. 


Misuse  of  files  presents  a  safety  hazard  because  of  sharp  cutting 
surfaces,  tangad  (pointed)  ends,  and  brittle  laecal.    The  following 
safety  practices  will  be  observed  when  tislng  files; 

1.  Do  not  use  files  without  handles  as  pointed  tangs  can  stab 
or  cut  your  hand. 

2.  Clamp  the  work  to  be  filed  In  a  vise,  never  hold  it  In  your 
hand  while  filing. 

3.  Do  not  use  a  file  for  o  pry  bar.    The  tang  end  id  soft  and 
will  ^<nd,  while  the  body  is  bard  and  brittle  and  may  map. 

4.  Kever  bansner  on  a  file*    Remember,  a  file  is  brittle  and  may 
chip,  splinter,  or  snap,  scattering  sharp  fragments. 

5.  Old  files  should  never  be  reshaped  into  knives,  chisels  or 
punches.    They  are  too  brittle  to  use  for  these  purposes*  Unexpected 
breaks  could  be  dangerous. 

Check  the  correct  statement (s). 

1*    You  should  not  use  a  file  without  a  handle. 


2*     — Files  make  good  knivea. 

3.    An  important  reason  for  not  misusing  a  file  is  the 

danger  of  breaks  and  chips. 

Answers  to  frame  4; 

1.  2*    /        3.  / 


i  0  7 
5 


Frame  6 

Wrenches  are  frequently  laleuaed  resulting  in  injury  to  personnel. 
The  following  practices  will  be  observed  concerning  their  safe  use: 

1.  Use  a  wrench  of  the  correct  size.    A  loose  wrench  may  slip 
and  Injure  the  hand. 

2.  Do  not  use  wrenches  with  spread  or  distorted  jaws>  bent 
handles >  or  cracks. 

3.  Do  not  use  a  wrench  as  a  hammer.    To  do  so  will  weaken  it. 

4.  Do  not  use  a  pipe  or  other  device  on  a  wrench  handle  for 
greater  leverage.    The  wrench  handle  may  snap  and  cause  injury  to 
personnel. 

5.  Never  hammer  on  wrench  handles  to  free  frozen  nuts. 

6.  Pull  a  wrauch  -  never  push  it.    You  can  maintain  your 
balance  easier  by  pulling. 

Check  the  correct  statement(s) . 

1.    Wrenches  are  not  dangerous,  it  is  only  their  misuse  that 

is  dangerous. 

2.  ^  If  a  wrench  jaw  is  cracked>  it  may  as  well  be  used 

until  it  breaks. 

^.    A  wrench  of  the  correct  sia£e>  when  used  properly  > 

will  not  slip. 

Answers  to  frame  5; 

1.    /        2.   3.  / 


1'^  ^ 


6 


Fraiae  7-  ^[73  ^ 

Hammers  should  be  kept  clean  and  free  of  oil  or  grease  yfalch  would 
cause  the  handle  to  slip  from  the  workman's  hand  or  cause  the  hammer 
to  glance  off  the  object  being  struck*    The  ends  of  hammer  handles  will 
not  be  used  for  prying,  pounding  or  tapping.    This  practice  may  dainage 
and  weaken  the  handle  and  lead  to  an  accident. 

Check  the  correct  statemeat(a) • 

1.    Hammer  heads  should  be  kept  greased  to  prevent  rust* 

2.    You  should  never  put  oil  on  hammer  handles. 

3.    You  should  not  tap  work  with  the  end  of  a  hammer 

handle. 

Answers  to  frame  6 : 

1.    /        2,   3.  / 


m 

Frame  8 

The  following  safety  rules  apply  to  knives: 

1.      Keep  knife  blades  sharp;    Dull  blades  contribute  to  nore 
accidents  than  sharp  blades. 

2*     Use  knives  for  cutting,  never  for  a  screwdriver  or  pry  bar* 

3.      Do  not  leave  knives  lying  around  where  they  may  cause  Injury, 
Keep  pocket  knives  folded  (closed)  vhen  not  in  use. 

4*      Cut  away  from  the  body»  being  careful  to  cut  in  a  direction 
that  will  not  endang&r  fellow  workers  should  the  knife  slip* 

Check  the  correct  statement (s) « 

1*    If  you  sharpen  a  pencil  with  a  pocket  knife,  place  the 

end  of  the  pencil  on  your  thximb  and  cut  toward  your  thumb* 

2*  Pocket  knives  are  dangerous  unless  used  properly, 

3*  ,..  Dull  blades  are  more  hazardous  thai  sharp  blades* 

  Knives  may  be  used  for  many  jobs  other  than  cutting. 

Answers  to  frame  7: 

1-   2-_iL-    ^--JL.  )))); 


))}> 


8 


Frame  9  {75 


Punchas  and  cold  chisels  will  b«  kept  frea  from  greaae  and  oil  to 
prevent  slippsga.    Hold  tbase  tools  betwa^  tha  thumb  and  four  fingers. 
If  tool*  hava  become  muahrooinad  they  must  b«  properly  dressed  or  ground* 
If  practical,  hand  guards  such  as  sponge  rubber  will  be  used. 

Workers  will  wear  safety  goggles  or  face  shields  whenever  they 
strika  chlsals  or  punches* 


Ctieck  the  correct  stateinent(s) . 

1*    A  chisel  becomes  muahroomed  on  the  and  opposite  from 

Kha  cutting  edge* 

2.    Chisels  cut  better  wfaoi  the  cutting  edge  la  greased* 

3*    Mitshroomed  punches  should  be  dressed  by  grinding. 

Answers  to  frame  8: 

1*  2.    /        3.    /  4. 


Frame  10 

Pliers  and  diagonal  cutting  pliers  are  often  used  around  electrical 
equipment.    Electrical  equipment  must  be  turned  off  when  using  these 
tools  on  electrical  circuits.    Pliers  must  not  be  used  to  tighten  or 
loosen  bolts  and  nuts.    To  do  so  may  damage  the  bolt  head  or  nut. 
Wrenches  used  on  bolts  or  nuts  thus  damaged  may  slip  and  Injure  the  hand. 

Check  the  correct  Bt£tement(sJ . 

1.    Diagonal  cutting  pliers  may  be  used  on  electrical  circuits 

only  afcer  the  electrical  system  is  turned  off. 

^'  must  tot  use  pliers  to  loosen  nuts. 

3.  '  You  may  use  pliers  on  electrical  equipment  when  the 

circuit  is  turned  on  if  you  wear  rubber  gloves. 

Answers  to  frame  9: 

1.    /        2.  3.  / 


10 


Frame  11 


Ihiaa£e  grinding  practice  can  result  in  many  serious  injuries.  In 
addition  to  the  shatterproof  glass  shields^  workers  will  wear  protective 
goggles  or  face  shields  while  operating  grinding  wheels.    7cai  must 
never  operate  a  grinder  with  the  metal  hoods  removed*    Tool^^rests  will 
be  adjusted  to  not  more  than  one-eighth  inch  from  the  grinding  wheel* 


Check  the  correct  3tatement(s) * 

1.    You  must  wear  goggles  or  a  face  shield  when  grinding  on 

an  electrical  grinder* 

2*    While  grinding  large  objects*  you  should  r':move  the 

metal  hood. 

3*    Before  grinding  you  must  check  the  distance  between 

the  grinding  wheel  and  tool<^rest* 

Answers  to  frame  10: 

1*  2*    /  3* 


11 

IS.) 


m 

Frame  12 


CompreBSed  air  must  be  handled  with  care.    If  you  use  coiDpreBBed 
air  for  cleaning  parte  you  muet  wear  eye  protective  equipment  >  euc|i 
aa  goggles*    It  must  never  be  uBed  to  blow  duBt  from  clothing  or  ekin* 
PreBBures  as  low  as  10  to  13  poundB  per  Bquare  inch  can  cauBe  Berious 
injury  to  akin»  eyeB»  ears»  and  penetrate  the  body*    HorBeplay  with  the 
air  hoBe  will  not  be  tolerated*    Under  no  circumstanceB  will  compreBBed 
air  be  directed  toward  a  feliow  worker. 

Check  the  correct  Btatesient(B)  * 

  TTou  muBt  use  eye  protectorB  or  goggleB  while  cleaning 

partB  with  compressed  air* 

^*       -    --        CompreSBed  air  must  not  be  used  to  blow  duBt  from  your 
hair* 

^*     , ,,  Ten  pounda  of  air  presBure  is  too  low  to  cauae  personnel 

injury* 

.Answers  to  frame  11; 

1*    /        2,  3,  / 


12 


Frame  13  I'fi 


Degreasing  solvents  are  used  Co  remove  grease  from  parts.  Some 
o£  chesft  agents  are  poisonous  when  In  contact  with  the  skin^  taken 
Internally^  or  inhaled.    Trichloroethylenet  s  nonflammable  degreasing 
solvent^  is  a  narcotic  and  anesthetic  material.    An  accumulation  in 
the  body^  due  to  prolonged  exposure^  can  cause  anemia  and  liver  damage. 
Use  trlchloroethylene  outdoors  or  in  a  well  ventilated  building.  You 
must  not  expose  your  skin  co  this  solvent  or  breathe  its  vapors. 

Check  the  correct  statement(s) . 

1*    Trichlor ©ethylene  must  not  come  In  contact  with  the 

skin. 

2.    You  must  not  breathe  vapors  of  trlchloroetl  ylene. 

3.    Trlchloroethylene  is  not  a  hazard  if  skin  exposure 

is  for  short  periods. 

Answers  to  frame  12 : 

1.    /        2.    /  3. 


2!,, 
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Frame  14 


Ifemias>  back  atralns,  crushed  hands  and  feet,  and  broken  bones 
may  result  from  improper  lifting.    Lift  from  a  squatting  position  with 
the  back  straight.    The  lega  should  exert  the  primary  lifting  force 
aa  ehown  in  the  **Yes'*  figure  below. 


Check  the  correct  8tatement(s) . 

1,    When  lifting,  the  beck  should  be  the  main  lifting  force, 

2.    The  figure  on  the  left  is  an  illustration  of  a  workman 

lifting  vlth  the  legs. 

Answers  to  frame  13: 

1,    /        2.    /  3, 


14 


2'*  ' 


Frame  15      /f  / 


You  may  Chink  it  impossible  to  remember  all  Che  safety  procedures 
^ilft  performing  your  daily  work.    However,  it  is  not  difficult  to 
remember  that  Air  Force  rules  and  instructions  are  written  and  published 
for  your  use*    You  must  use  these  written  rules y  regulations,  and 
instructions  as  you  perform  your  dally  work.    Do  not  rely  upon  your 
memory  when  personnel  safety  is  involved.    If  you  perform  your  work 
correctly  by  following  written  instructions,  the  possibility  of  accidents 
will  b«  reduced*    Above  all,  never  engage  in  horseplay  and  always  use 
common  sense*    Keeping  these  facts  in  mind  will  help  you  perform  your 
dally  work  in  a  safe  and  efficient  manner* 

No  Response  Required 

Answers  to  frame  14 ; 
1.  2*  / 


15 


Frame  16 

Check  the  following  statements  that  are  correct. 
1,    Accidents  are  sometimes  caused  by  lack  of  safety  training. 


2*  Each  worker  is  directly  responsible  for  his  own  safe 

work  habits. 

3.    Learning  to  uae  handtools  properly  involves  training  in 

safe  use  of  handtools. 

4^  Screwdrivers  are  handy  tools  and  should  bft  used  when  other 

tools  such  as  pry  bars  and  chisels  are  not  available. 

5.    '      One  hazard  connected  with  misuse  of  files  io  possible 

breakage  due  to  brittle  metal* 

6.    If  a  nut  is  "frozen/*  you  should  tap  the  wrench  handle 

with  a  h  ammer . 

7.  A  hammer  with  a  split  handle  should  be  used  until  you 
can  get  a  new  hammer  or  replace  the  split  handle. 

8.    When  cutting  with  a  knife*  cut  away  from  the  body>  not 

toward  it. 

9.    Danger  from  mushroomed  punches  and  chisels  results  from 

poss' ble  hand  cuts  or  flying  chips  from  the  tool. 

10.    Fliers  must  not  be  used  on  bolts  and  nuts. 


11.  Grinding  wheel  tool-rests  must  be  not  more  than  one-^elghth 
inch  from  the  grinding  wheels. 

12.  The  principal  object  of  any  safety  program  is  to  aid  it* 
eliminating  accident*- causing  sources. 

'  There  is  no  special  danger  connected  with  the  use  of 

compressed  air  for  cleaning  parts* 

14".    The  greatest  danger  in  using  trichloroethylene  is  the 

extreme  fire  hazard. 

15.    You  should  lift  with  your  legs  >  not  your  back. 


16 
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UOUSEKEEFING  AND  FIRE  SAFETY 


1^3 


Frame  17 

Good  liousekaeplng  and  accident  prevention  go  together.    Shops  must 
be  kept  neat  and  orderly.    All  peraona  louat  cooperate  to  keep  their  work 
area  clean*  orderly^  and  SAFE.    Serloua  accidents  could  result  from 
tripping  over  traah»  hardware »  tools  or  electrical  power  cords  on  floors. 
Llqulda  aplllad  on  floors  produce  slippery  surfaced  that  are  particularly 
dangerous.    Keep  walking  areas  clear  and  clean. 

Check  the  correct  statement(8) . 

1.    Possible  electrical  shock  la  usually  the  greatest  hazard 

resulting  from  power  cords  lying  on  the  floor. 

2.    1£  a  tool  la  dropped  on  the  floor»  It  should  be  picked 

up  immediately. 

3.    Oil  on  the  floor  la  a  aource  of  accidents  as  veil  as 

a  fire  hazard. 


Answers  to  frame  16: 


1. 

/ 

5. 

9. 

/ 

13. 

2. 

/ 

6. 

10. 

/ 

14. 

3. 

/ 

7. 

11. 

/ 

IS.  / 

4. 

8. 

12. 

/ 

17  2;',: 


Fraipa  18 


Tools  must  be  stored  In  their  proper  place »  either  In  the  tool  kits 
or  on  special  tools  racks*    Good  habits  concerning  tool  storage  and  care 
are  essential  to  efficient  and  safe  job  performance*    Keep  all  of  your 
tools  In  good  condition*    Clean »  sharps  and  well  selected  tools  are  the 
mark  of  a  professional  systems  specialist*    Greasy  tools  used  on  oxygen 
equipment  are  a  surs  way  of  causing  an  explosion  and  fire* 


KEEP  OIL  AND  (REASt  AWAY  FROM  OXYGEN 


Ko  Response  Required 

Frame  19 

IiOckersi  cabinets»  shelves^  and  drawers  must  be  kept  neat  and  orderly* 
these  areas  require  constant  attsntlon  as  their  contents  are  usually  hidden 
from  direct  vision*    Heavy  ohjecta  should  he  stored  on  hottom  shelves 
to  lessen  lifting  or  dropping  haacards*    Drawers  and  cabinet  doors  should 
not  be  Isft  open  as  they  usually  protrude  into  the  walking  area  when 
open* 

Check  the  correct  statement<s)  * 

1*    Orderly  arrangement  of  drawer  and  cabinet  contents  Is 

a  safety  requirement* 

2.    Dra*\  :s  and  cabinet  doors  should  not  be  left  open* 

3*    Lighter  objects  should  be  stored  on  bottom  shelves » 

heavy  Items  on  top  shelves. 

Answers  to  frame  17: 

1*   2.    /        2.  ^ 
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Fraiae  20  t$S 


Good  housekeeping  practices  arc  essential  to  effective  fire  pre- 
vention.   Working  and  living  areas  must  be  kept  clean  and  orderly  as 
accumulations  of  dust,  trash,  rubbish »  and  waste  are  sources  of  fire. 
Every  man  shares  the  fire  prevention  responsibility  within  his  working 
and  living  area* 


Check  the  correct  statement(s) . 

1.    You  should  not  be  concerned  with  good  or  bad  housekeeping 

practices  in  your  shop  because  that  Is  the  responsibility 
of  your  supervisor. 

2.  Good  housekeeping  Is  concerned  with  cleanliness  in  the 
work  area, 

3*  housekeeping  practices  may  cause  fires. 

Answers  to  frame  19: 
1.    /        2.    /  3. 


Frame  21 


Combustible  trssh  must  ba  placed  in  closed  metal  containers 
that  are  plainly  marked  £or  such  materials  as  shown  In  the  figure 
beloWt    Lids  must  ba  kept  closed*    At  the  end  o£  the  day  or  shifty 
these  containers  must  be  emptied  or  removed  to  a  safe  location  out- 
side the  shop* 


Check  the  correct  statement (&)* 

1*    Noncombustlble  trssh  must  be  placed  In  closed  metal 

containers* 

2*    You  need  not  empty  trash  cans  until  they  are  full* 

3*    Metal  trash  cans  with  lids  tightly  closed  may  be  kept 

In  the  shop  during  working  hours* 

Answers  to  frame  20: 

1*  2*    /        3*  / 


9n 
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Oil  and  paint  soaked  rags  must  not  be  placed  in  trash  ^.ans .  Self* 
closing  metal  containers  will  be  used  for  this  material*    A  separate 
closed  metal  container  must  be  used  to  store  clean  rags*  Containers 
will  be  marked  as  shown  in  the  figure  below*    Do  not  put  oily  and  clean 
rags  in  the  same  container.    Care  must  be  taken  to  prevent  oil  rags 
from  bursting  Into  flame  through  spontaneous  combizstlon*    Empty  the  oil 
rag  containers*  or  place  them  la  a  aafe  location  outside  the  building  at 
the  end  of  each  day  or  shift* 


Check  the  correct  statement (s)* 

1*  Trash  should  not  be  placed  In  an  oily  rag  container. 

2*    Clean  rags*  In  their  metal  container*  present  a  fire  hazard 

and  should  be  removed  from  the  building  at  the  end  of 
the  day  or  shift* 

Paint  soaked  rags  should  be  discarded  by  placing  them 
in  a  metal  trash  can. 

4*    Oily  rags  present  a  special  fire  hazard  because  of 

possible  spontaneous  combustion. 

Answers  to  frame  21: 

l._   2.  3.  / 
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Frame  23 

Oils,  paints,  cleaning  solvents  or  othar  volatile  liquids  must 
be  stored  in  closed  matal  containers  in  designated  areas  outside  of  shop 
buildings.    A  "safety  can'*  with  a  flexible  spout  is  a  safe  container,  for 
flammable  liquids  such  as  gasoline  and  cleaning  solvents*    These  con** 
tainers  are  shown  below* 


METAL  CANS 


SAFETY  CAN 


Check  the  correct  statement (s)* 

1.    Flammable  liquids  must  not  be  stored  in  the  shop 

2. 


Oil  does  not  evaporate  rapidly  so  Ix  may  be  stored  in 
open  cans* 


3* 


  Cleaning  solvents  will  be  stored  in  ^'safety  cans*" 

Answers  to  frame  22: 

1.    /        2.  3*  4.  / 
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Frame  24 


oil*  greaae*  aid  other  flammable  aubatancea  spilled  on  floora 
will  not  only  create  fire  hazards »  but  alao  slipping  hazards.  If 
apllla  du  occuxs  th^y  muat  be  cleaned  Immediately  with  noncombustible 
abaorbeats  auch  as  aand,    Floora  will  not  be  cleaned  with  flammable 
liquids  nor  will  theae  llqulda  be  flushed  into  building  plumbing 
systems  and  floor  dralna* 


Check  the  correct  atatemeat(a)* 


1» 
3. 


To  reduce  fire  hazarda*  water  should  be  used  to  flush  dirty 
oil  down  a  drain* 

If  you  apill  a  flammable  solvent  on  the  shop  floor  you 
muat  clean  it  up  immediately* 

Gasoline  should  not  be  uaed  to  clean  up  spilled  oil* 


Mswera  Co  frame  23: 

1*    /        2*  3»  / 


1^0 

Frame  25 


Liquids  such  aa  gasoline^  jet  engine  fuel^  and  flamraahle 
dolvencs  nniflc  not  be  placed  in  open  containers  near  eleccrlcal  equip^ 
ment*    Plainmable  solventa  will  not  be  used  for  cleaning  fatigue 
clothing  or  used  In  cigarette  lighters*    Vapors  from  these  liquids 
are  explosive  and  may  ignite  unexpectedly* 


Check  the  correct  statement (s) * 

1»    Gaaolinii  may  be  used  for  cleaning  purposes* 

2»    Some  solvents  are  flammable* 

3»    Flammable  solvents  must  not  be  used  near  electrical 

equipment* 

Answers  to  frame  24: 

1-  2-    /        3*  / 
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Frame  26 

Smoking  is  prohibited  in  ar«a9  in  which  a  match,  flarne^  sparky  or 
careless  disposal  of  smoking  material  would  b€  a  fire  hazard*  Look 
for  '"NO  SMOKING"  signs  in  these  areas*    Where  complete  prohibition  of 
smoking  is  Impractical »  certain  areas  will  be  clearly  marked  and 
separated  from  hazardous  areas  to  stop  the  possibility  of  fire* 
Cigarette  butts  and  burned  matches  must  not  be  placed  in  trash  cans* 
Special  %utt  cans"  will  be  provided  for  this  purpose. 


Check  the  correct  statement (s) 
1^  You  may  smoke  in  specified  smoking  areas* 

2*    You  must  not  smoke  in  areas  where  smoking  Is  prohibited* 


3*    Cigarette  butts  must  be  discarded  in  trash  cans* 

4*   You  must  not  smoke  within  50  feet  of  a  hangar  or  aircraft* 


Answers  to  frame  25: 

1*  2.    /        3.  / 


25 


2^  ^ 


Frame  27 


Tb^  following  Ingredieacs  are  necessary  to  produce  fire: 

1.  Fuel  (gasoline^  wood»  paper^  ^^gs*  etc.)* 

2.  Oxygen  (air). 

3.  TetGperacure  high  enough  to  cause  coctbuacion. . 
Elimination  of  any  one  of  these  will  extinguish  the  fire* 


TEMfeHATUfte 


Check  the  correct  statementCs) . 


1. 


Gasoline  will  not  bum  without  oxygen. 


2. 


Oxygen  will  bum  without  fuel* 


3. 


A  fire  may  be  extinguished  hy  reducing  the  temperature. 


Answers  to  frame  26 : 


1.  / 


2.  / 


3. 


4.  / 


26 


Frame  28 


There  are  three  general  classes  of  flras.    They  are  Claaa  A>  Clase  B> 
md  Class  C  fires*    Each  fire  Is  classified  according  to  the  type  of  fuel 
that  Is  burning* 

Check  the  correct  stateinent(s)* 

1*    The  class  of  fire  Is  determined  by  the  Ignition  temperature 

of  the  fuel* 

2*    Class  A>  B>  and  C  refers  to  types  of  fuel* 

Answers  to  fraoe  27: 

1*    /        2*   3*  ^ 


27 


Frame  29 


Fires  in  uood»  paper,  and  raga  are  typical  Claas  A  fires.  They 
will  be  safety  extinguiehed  by  cooling  or  quenching  the  fire  with  water. 


Check  the  correct  atatement(s) * 

1*    Burning  waste  paper  is  a  Class  A  fire. 

2*    Burning  gasoline  is  a  Class  A  fire. 

3,    Water  will  spread  a  Class  A  fire. 

Answers  to  fraoe  28: 
1,  2.  / 


28 


Frame  30 


Class  B  fires  are  fires  in  flammable  liquids  such  as  gasoline^ 
oil>  and  painc.    Xhesa  fires  cannoc  be  extinguished  with  water.  Xhey 
require  fire  extinguishers  containing  smothering  agents  such  as  foam. 


Check  Che  correct  statement (s)^ 
1*    Foam  canno^  extinguish  grease  fires* 

2*    Foam  is  a  suitable  extinguishing  agent  for  Class  B  fires. 

3.    A  burning  liquid  is  a  Class  B  fire* 

Answers  to  frame  29: 

1.    /        2.   3*  

29 


Frame  31 

,  c  fires     Electrical  shorts  In  wires, 

Electrical  fires  are  f  "^^J^^J*    f^lH  combustible  mterials 
motors,  and  generators  produce  heat  "^^^^^^'ji'^^g  ^^^t  be  extinguished 
in  these  electrical  /^^^^^rchl"  * 

with  nonconducting  ^"^"^f, ^es  as  water  conducts  electricity  and 
Do  not  use  water  on  electrical  Eires  as  watet 
you  could  receive  a  severe  or  fatal  shocK. 


t-»37 


Check  the  correct  3tatement(s) . 

 CB  should  be  used  on  Class  C  fires. 

2^  Water  may  be  used  on  electrical  fires. 

3^     ^   Class  C  fires  are  electrical  fires. 

Answers  to  frame  30: 

1.    ^  2._;L. 


2^  • 


30 


Prame  32 


117 


Chlorobromomethane  can  also  b6  usftd  to  smother  Clafis  h  fires, 
Brasmbfir.  the  chemical  CB  can  be  used  on  both  CIas5  C  aad  B  ^IreSt 
(CS  on  C  and  B  fires,) 


Check  the  correct  statement (s), 

1*    CB  can  be  used  to  extinguish  oil  or  an  electrical  generator 

fire, 

2*    Class  A  fires  should  be  extinguished  with  CB, 

3*    CB  extinguishes  fires  by  exc]'iding  the  air  from  the  fuel 

(smothering  the  flame). 

Answers  to  frame  31: 

1*    /        2.  3,  / 


31  210 


Frame  33 

Carbon  dioxide  (CO^)  is  another  chemical  that  can  be  used  oa 
Claas  B  and  C  fires  •    CO^  smothers  a  fire  hy  displacing  the  air 
surrounding  the  fire*    CO^  is  a  nonconductor  of  electricity,  so  may 
be  safely  used  on  electrical  fires •    It  may  also  be  used  to  extinguish 
typical  class  A  fires* 


Check  the  correct  atatementCs) * 

1*    CO^  should  be  used  on  burning  wood* 

2>    CO^  smothers  a  fire, 

3*    CO^  or  CB  may  be  used  to  extinguish  electrical  and 

flaoimable  liquid  fires* 

Answers  to  frame  32 : 

1*    /        2.  3*  / 


r 


32 


Frame  34 


Fire  excingolshlng  agents  must  be  directed  at  the  base  of  the 
fire,  where  the  combustible  vapors  combine  with  air  and  ignite*  "Aim" 
the  extinguisher  nozzle  at  the  surface  of  the  material  where  the  flames 
origin&te  * 


Check  the  correct  !Etatement(s)  * 


1* 


Combustible  vapors  combine  with  air  at  the  base  of  the 
fire. 


2* 


You  should  "aim'*  the  extinguisher  nozzle  at  the  base  of 
the  fire* 


3, 


The  base  of  the  fire  is  the  top  of  the  blaze* 


Answera  to  frame  33; 

1-  2,    /        3*  / 


^2' 
3-3 


Frame  35 


If  70U  report  a  fire^  give  your  naine  and  location  of  the  flre^ 
and  then  stand  by  to  direct  the  fire  crews  to  the  fire* 


No  Response  Required 


34 


90 
(J 


,  30/ 

Frame  36 

This  frame  Is  a  review  of  the  material  on  housekeeping  and  fire 
safety*    Check  the  following  statements  that  are  correct* 


^*         „  There  Is  no  relationship  between  fire  prevention  and 

good  housekeeping* 

2*    Gasoline  should  be  used  for  cleaning  parts* 

3.    Oily  rags  should  be  stored  in  closed  metal  containers. 

4*    Puela,  cleaning  solvents,  and  paints  should  be  stored 

in  ths  ahop* 

5*    Common  cauaes  of  fires  are  poor  housekeeping  and  care- 

leas  use  of  flammable  liquids. 

6*    Water  la  a  good  extinguishing  agent  for  Class  A  fires. 

7*    Grease  fires  are  Class  E  fires* 

8*    Burning  jet  fuel  should  be  extinguished  with  water. 

$.  Electrical  fires  are  Class  A  fires* 

carbon  dioxide* 

11.    Carbon  dioxide  may  be  used  to  extinguish  electrical 

fires  as  well  as  flammable  liquid  fires. 

12*    Chlorobromomethane  may  be  used  on  electrical  fires. 

13.    Extinguishing  agents  should  be  directed  at  the  top  of 

the  blaze  to  smother  the  fire* 

14*    Class  B  fires  can  be  extinguished  by  using  extinguishers 

containing  smothering  agents  such  as  foam* 


Answers  to  frame  34: 
1*    /        2*    /  3* 


SAFETf  PSRTAIKING  TO  ELECTRICAL/ELECTROHIC  EQUIPMENT 


DANGER 
HIGH  VOLTAGE 


Here  is  a  sign  many  of  us  are  familiar  with*    Voltages  present  In 
shops  throughout  the  world  vary  somewhat:    110  -  220  -  4A0,  etc. 

7cm  will  be  working  on  systems  that  operate  on  AC  and  DC  voltage* 
You  must  be  constantly  alert  for  shock  hazards,  and  remember     it  takes 
as  little  as  10  mllliamperes  (*01  ampere)  of  currant  .to  prove  fatal* 
Some  persons  have  been  fatally  injured  on  even  lass^ 

The  proper  attitude  toward  electricity  is  "don't  fear  it  -  understand 
It  and  respect  it." 


Check  the  correct  statement(s) *  ^ 

^*  Systems  with  less  than  one  ampere  of  current  flow  are 

not  dangerous* 

2*    Systeios  with  less  than  one  ampere  of  current  flow  can 

be  fatal* 

3*  amount  of  voltage  in  shops  may  vary  from  one  location 

to  another  location* 

Answers  to  frame  36; 

1.  2.  3.    /        A*   5*    /        6*    /        7*  / 


8*  9-  10,   11*    /       12,    /      13*   14*    /  ^ 


90  ^ 
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Frame  38 


While  working  around  electrical  or  electronic  circuits  you  must 
remove  your  rings,  metal  vnrist  band,  watch,  or  other  miscallic  objects 
which  could  act  as  conductors  of  electricity  and  cause  shocks,  bums, 
or  electrocution »    So,  form  the  habit  o£  removing  jewelry  before  doing 
electrical/electronic  work  or  while  performing  maintenance  on  or  around 
aircraft*    Repeated  exposure  to  shock  may  cause  bursitis,  contraction 
or  dilation  in  the  walls  of  blood  vessels,  and  muscles  can  be  seriously 


affected* 


Check  the  correct  statement  (s) , 


1, 


Severe  bums  can  result  from  rings,  c:jntactlng  "live 
electrical  circuits. 


1. 


Wearing  a  wrist  watch  on  the  arm  Is  a  potential  hazard 
whxle  working  on  "live"  electrical  circuits. 


3, 


Repeated  exposure  to  electrical  shock  has  no  afcer 
effect  on  the  body. 


Mswers  to  frame  37; 


1, 


3,  / 


aofi 

Frame  39 


Due  to  the  many  different  systems  that  employ  electrical/electronic 
principles,  we  will  not  attempt  to  list  the  safety  precautions  that  may 
be  involved  in  each.    However,  before  performing  maintenance  on  these 
systems,  you  will  comply  with  all  the  Instructions  contained  in  the 
appropriate  technical  orders,  manuals,  handbooks,  and/or  applicable 
directives.    Below  are  examples  taken  from  a  technical  order  on  a  B*52D 
type  aircraft. 


If  you  observe  an  Individual  being  electrically  shocked,  DON't 
JUST  STAND  THERE  -  DO  SOMETHINGI    First,  shutoff  the  circuit.    If  the 
circuit  cannot  be  turned  off  without  delay,  free  the  victim  from  the 
live  conductor.  Remember: 

1*     00  NOT  touch  the  victim  with  your  bare  hands* 

2.      Protect  yourself  by  using  dry  Insulating  material: 

a.      a  dry  board,  your  belt,  dry  clothing  or  other  non- 
conducting material. 

Check  Che  correct  statement (s) . 

1*    An  aircraft  technical  order  will  list  any  electrical 

hazard  peculiar  to  a  system. 

2.    The  bare  hands  should  never  be  used  to  remove  a  shock 

victim  from  a  live  circuit* 

3*    A  shock  victim  should  not  be  removed  from  a  live  circuit, 

under  any  circumstances,  until  the  circuit  is  turned  off. 

Answers  to  frame  3d; 

1.    /        2.    /  3.  

38  OO  ^ 


Frame  40 


The  flight  line  can  be  a  very  Interesting  and  fascinating  place 
due  to  aircraft  taxiing  back  and  forth*  some  being  towed*  and  others 
parked  on  the  tamp*    In  these  situations  it's  easy  to  forget  the  hazards 
that  forever  lurk  about  on  the  flight  line.    One  area  where  only  one 
mistake  can  cost  your  life  Is  the  exhaust  of  an  operating  jet  engine. 
Directly  behind  the  engine*  the  temperature  is  IdOO^'F*  and  the  velocity 
la  950  knots*    Imagine  yourself  absent-mindedly  stepping  behind  this 
death  tr^p*    Keyer  come  any  closet  to  the  exhaust  of  an  operating  jet 
engine  than  200  feet*  and  this  includes  while  you  are  in  a  vehicle* 
Remember*  lack  of  knowledge*  Improper  attitude*  and  inattention  are 
the  real  hazards. 


1600<>F  AT  MAX  THRUST 


5^50  KNOTS 


Check  the  correct  statement(s) . 

^®  safe  distance  behind  an  operating  jet  engine  is 
200  feet. 

2*    Safety  is  not  easily  forgotten  on  the  flight  line* 

3-    Temperature  and  velocity  is  not  a  safety  factor  if  the  . 

engine  is  not  operating  at  maximum  thrusts 

Answers  to  frame  39: 

1.    /        2.    /  3. 


39' 


Frame  41 

If  blast  deflectors  are  positioned  behind  the  engine  being  operated » 
then  it  is  peroiissible  to  come  within  100  feet  of  rhe  exhaust*    The  blast 
deflector^  besides  reducing  physical  hazards^  also  prevents  nuts»  bolt3» 
rocka»  sticks^  and  other  rubbish  more  commonly  known  as  F  0*s  ^Foreign 
Objects)  from  being  blown  on  to  active  runways  and  taxi-ways* 


STAY  lOOFT  BEHIND 
BLAST  DEFlECTOft  ' 


RtO  LINES 


BLAST  DEFLECTOR 

«  — 459 


Check  the  correct  3tateinent(s) » 


1. 
3. 


If  deflectors  are  used^  the  only  hazards  that  exist  are 
F  O's. 

Using  deflectors  prevents  F  O's  from  blowing  on  to  taxi-ways » 

100  feet  is  a  safe  distance  behind  exhausts  if  deflectors 
are  used* 


Answers  to  frame  40 : 
1.    /        2.  3* 


20  ^ 


40 


Framfi  42 

Jet  englned  have  huge  appetites «  and  will  consume  anything  In  the 
Immediate  area.    The  minimum  distance  you  should  be  from  an  operating 
Jet  englna  Intake  (see  frame  40)  Is  25  feet.    Keep  all  nuts*  bolts* 
screws*  and  tools  off  the  intake  cowling  and  out  of  the  reach  of  the 
intake.    My  one  of  these  items  could  result  in  the  loss  of  the  aircraft 
and  crew.    Always  report  mlsalng  tools  which  might  have  fallen  into  the 
engine. 


ft— 4  56 


Check  the  correct  statement (s), 

  You  should  stay  25  feet  from  the  Intake  of  an  operating 

Jet  engine.  ^ 

2.    If  you  lose  a  tool*  get  it  when  the  aircraft  returns. 

3*    Laying  tools  on  the  Intake  is  okay  as  long  as  you  pick 

them  up  later. 

4*    Keep  all  nuts,  bolts,  and  screws  picked  up. 

Answers  to  frame  41: 

1.   2.    /        3.  / 


22,7 

41* 
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Frame  43 


There  will  be  times  vhen  you  have  to  work  around  the  engine  while 
it  is  operating}  expecially  checking  systems  where  test  equipment  can 
not  simulate  an  **engine  run/*    If  this  is  the  caee^  you  should  stay  a 
minimum  of  5  feet  to  the  rear  of  the  intake  as  illustrated  in  the  picture 
below* 


5  FT 


ft— 457 

Check  the  correct  statement (s) • 

1.  Tfo^  should  stay  a  minimum  of  5  feet  to  the  rear  of  an 
operating  jet  engine. 

2.    You  will  not  work  around  a  jet  engine  while  it  is  operating. 

3.    You  will  be  working  around  the  engine  while  It  is  operating 

to  check  out  some  o£  your  systems. 

Answers  to  frame  42: 

1.    /        2.  3.  4.    /  ' 


42 


Frame  44 


Devices  rotating  at  tremendously  high  rt)m  (revolutions  per  mln) 
might  disintegrate.    Therefore^  we  must  be  well  aware  of  where  these 
hazards  exist.    Note  the  red  lines  around  the  engine  In  frame  43. 
These  Indicate  the  plane  of  rotation  of  the  engine^s  turbine  wheels. 
When  possible  you  should  stay  clear  of  these  areas.    On  aircraft  with 
reciprocating  engines «  there  will  be  red  lines  painted  around  the 
fuselage  to  Indicate  the  planes  of  rotation  of  the  propellers.  The 
tips  of  the  propellers  will  be  painted  yellow  so  they  will  be  visible 
while  spinning.    This  is  to  help  prevent  someone  from  walking  Into  them. 


R— 460 


Complete  the  following  statements. 


1. 

will  be 


The  propeller  tips  are  painted 


In  color  so  they 


while  spinning. 


the 


2. 


The  red  bank*  around  the  fuselage  of  a  jet  engine  Indicates 
 of  of  the  turbine  wheel. 


3.      Devicefi  that  rotate  at  high  revolutions  per  minute  are 
dangerous  because  they  might  . 


Answers  to  frame  43: 


1. 


2. 


3.  / 


43 


a/0 

Frame  45 

Before  you  enter  an  aircraft  make  certain  someone  has  Installed 
the  gear  down  lock  safety  pins.    These  pins  prevent  the  aircraft  from 
collapsing  on  you.    They  are  easily  identified  by  the  red  streamers 
attached  to  them  and  the  words  "remove  before  flight." 


Once  you  have  seen  that  these  pins 
are  installed  (see  photo),  look  in  the 
cockpit  (jet  aircraft)  and  see  if  similar 
pins  have  been  installed  in  the  ejection 
seats.    These  seats  are  real  killers  if 
you  trigger  one  of  them.    If  they  have  no 
pins  and  streamers  —  DON'T  GET  IN.  Notify 
the  crewchief  immadiately.    It  takes  a 
specialist  that  tinders tands  them  to  render 
the  seats  harmless.    See  the  photo  to  the  right, 


(IKSIMCOCKPITI 
INimrOR  SAfETYPtN 


Complete  the  following  statement. 

It  is  permissible  to  work  in  the  aircraft  if  red  streamers  and 
 are  installed  in  the  proper  places. 

Answers  to  frame  44: 

1*      yellow  visible  (seen  or  something  to  that  effect) 

2,  plane  of  rotation 

3.  disintsftrate  (fly  apart) 

AA 


Frame  46 


a// 


When  you  must  work  In  the  cockpit  area>  respect  your  lack  of 
knowledge  of  other  systetas.    Al6o>  beware  of  flipping  switches  >  pushing 
buttons >  and  moving  levers  which  could  cause  drop  tanks  to  fall>  a 
drag  chute  door  or  speed  brake  surface  to  open^  or  a  bomb  bay  door  to 
close  on  someone  and  shear  him  In  half.    Usually>  a  sign  will  be  dis** 
played  If  an  out-of-the-ordlnary  ha^sardous  condition  exists  In  which 
someone  might  be  Injured. 


Complete  the  following  statement : 

When  a  Job  requires  you  to  be  in  the  cockpit  area>  you  should 

never  

that  is-  not  associated  with  your  systems. 

Answer  to  Frame  45: 

Safety  Pins 


22,] 


3ia 

Frame  47 


Wing  and  door  edges  are  razor  sharp  on  some  aircraft  and  have  been 
known  to  cause  serious  cuts  and  scars.    Wings  are  extremely  slippery  after 
a  rain  or  early  morning  dew*    If  you  slip  from  a  wing,  you  can  be  sure 
corxrete  is  waiting  below*    Fast  acting  canopies  account  for  many  accidents 
involving  the  amputation  of  arms  and  whatever  else  might  get  in  their  way* 


No  Response  Required 

Answer  to  frame  46: 

flip  switches t  push  buttons  or  move  levers  (or  similar  wording)* 


46 


FraniA  48 


Work  on  aircraft  frequently  cslla  for  the  uae  of  maintenance 
stands.    Tbaae  stands  corns  In  an  assortment  of  sizes  and  designs*  Be- 
gsrdlsss  of  the  purpose  for  which  s  particular  stand  waa  Intended^  you 
will  find  that  once  you  have  climbed  aboard^  a  fall  from  it  could  cause 
serious  Injury.    For  this  reason^  handrails  and/or  safety  pine  are 
provided  with  them*    Stands  with  removable  railings  will  be  In  place 
before  maintenance  psrsonnal  begin  working  on  aircraft  from  these  stands* 


LOWERING  ^  ^ 

UNtT  -WORKSTAND- 

The  handrail  (A)  provides  a  gripping  surface  and  wlll»  if  you 
should  stunbls^  keep  you  from  tsklng  a  nasty  fall* 

Tha  safety  pin  (B),  properly  Installed  in  the  dsvlce  that  ralaee 
the  stand  into  the  alr»  will  keep  the  stand  from  collspsing  with  you 
or  on  you. 

Complete  the  statement  below; 

   will  prevent  Injury  to  the  user  if  the  lifting 

system  should  fsll.  Injury  due  to  falling  over  the  edge  of  the  stand 
will  usually  be  prevented  by  the  uae  of  , 


47 


Check  the  statements  that  are  correct: 

1,  As  little  aa  10  tttllllamperes  of  current  can  be  fatal* 

2*  Watches,  rings  and  other  jewelry  are  shock  hazards 

when  working  on  electrical/electronic  circuits* 

3*    Before  working  on  systems  that  employ  electrical/electronic 

principles,  you  should  comply  with  instructions  given  in 
technical  orders^  etc* 

4*    Temperature  and  wind  velocity  is  not  a  safety  factor 

if  a  jet  engine  is  not  operating  at  maximum  thrust* 

5*  200  feet  is'the  minimum  safe  distance  behind  the  exhaust 

of  a  jet  where  blast  deflectors  are  used. 

6*    The  minimum  safe  distance  to  be  in  front  of  an  operating 

jet  engine  is  5  feet* 

7*    You  will  NEVER  vork  around  a  jet  engine  while  It  is 

operating  (running) * 

8.    The  tips  of  propellers  are  painted  yellow  so  they  may 

be  seen  while  spinning* 

9*    Safety  pins  should  be  installed  in  any  ejection  seat 

system  before  entering  the  cockpit  to  work* 

10*    Handrails  properly  installed  on  a  maintenance  stand 

will  prevent  the  device  that  raises  the  stand  into  th(^ 
air  from  collapsing* 

  main  reason  for  removing  a  wrist  watch  while  working 

on  electrical/electronic  circuits  is  to  prevent  magnetic 
damage  to  the  watch* 

Answer  to  frame  48: 

safety  pins  handrails  * 


90  r 


48 


Frame  50  ftl^ 


Noise  on  the  flight  line  Is  an  ever  present  danger.    If  not  reapecced. 
It  can  cause  serious  damage  to  your  hearing;  sometimes  even  deafness* 
The  presence  of  extrestely  loud  noise  can  Interfere  with  speech  com* 
inunlcatlons>  hearing,  and  cause  mental  and  physical  '^FATIGUE"  which 
In  turn  can  jeopardize  your  job  performance.    The  Air  Force  recognises 
the  seriousness  of  this  hasard,  and  issues  earmuffs  and  earplugs  which 
must  be  used  when  In  high  intensity  noise  areas.    These  devices  offer 
the  protection  needed  while  performing  your  job.    The  three  things  that 
determine  the  effect  noise  has  on  the  ears  are.  Intensity,  freqtiency, 
and  duration*    The  intensity  is  the  greatest  at  llS^  to  135^  to  the 
rear  of  the  nose  of  the  aircraft.    The  unit  of  measurement  of  sound 
(noise)  is  the  *'DecibIaJ' 


"Mickey  Mouse"  Ear  Muffs  and  Ear  Plugs* 


Types  of  ear  protectors  (defenders) 


Check  the  correct  statement(s) : 

1.    Ear  protectors  should  be  worn  at  all  times  in  higli 

Intensity  noise  areas. 

2.  Wearing  earplugs  alone  offers  as  much  protection  as 
using  both  stuffs  and  plugs  together. 

3.    Loud  noise  can  cause  mental  fatigue. 

4.    Noise  intensity  is  the  greatest  at  115^  to  155^  to  the 

rear  of  the  nose  of  the  aircraft* 

Answer  to  frame  49 : 

1.   /         2.    /        3.   /        4.  5.   6.    7.  


8.    /        9.   /       10.   11. 

49  po  V 


Fram*  SI 


Vhile  we  are  on  che  subjecc  of  sounds  and  Injury^  chere  are 
soutkda  above  our  ablllcy  to  hear*    Thase  are  called  radio  frequency 
cran«aisslans  (eleccromagneclc  radlaclan  Is  anocher  common  expression 
for  It)*    This  radlaclon  Is  given  off  by  high  frequency  transmicters 
(ancennaas),  such  as  Radar  and  Eleccronic  Counter  Measure  Devices* 
The  sourca  of  this  hazard  is  ofcen  hidden  behind  the  nose  cone  of  an 
aircraft;  tharefore,  we  may  come  unauspeccingly  in  contact  with  it« 
The  carrific  energy  radiated  by  chese  antennae  can  cause  bums  btnaath 
the  akin,  cataracts  over  the  eyes,  and  can  even  cause  flash  bulbs 
to  ignite  and  atael  wool  to  bum*    The  presence  of  this  enerS7f 
since  it  is  invisible,  may  not  be  readily  apparent  since  bums  will 
result  before  che  pain  is  felt* 

Note:    Radiation  occurs  only  along  a  line  directly  in  front  of 
the  aateima;  however,  some  antennae  swing  in  an  arc  or  a  circle* 
For  the  minimum  safe  distance,  applicable  aircraft  technical 
orders  should  be  referred  to  as  tha  distance  will  vary  from 
aircraft  to  aircraft  due  to  che  type  of  systems  installed* 


The  best  protection  against  thia  unseen  menace  id  to  know  about 
the  effects  of  high  frequency  electromagnetic  radiation  and  to  steer 
clear  of  aircraft  and  fixed  antennae  that  are  in  operation* 

Check  the  correct  statement  (a): 

1*    Electromagnetic  radiation  can  be  seen* 

2*    Operating  transmitters  are  readily  visible* 

3*    Know  the  tuinimum  safe  distance  and  you  will  not  be 

inlured* 

Answers  to  frame  50: 

1*    /        2 .   3*    /        4 .  / 

50 


Frame  52 


Kucl^ar  (acoaic)  t^.iutloa  Is  probably  the  laasc  likely  hazard 
to  ba  encouncared  on  the  flight  llna«    It  niight  axi8t»  however »  In  the 
event  an  accident  ahould  occur  while  handling  one  of  these  weapons 
or  If  an  aircraft  carrying  one  of  them  should  crash*    Xhen»  too»  one 
of  our  planes  may  fly  through  a  contaminated  zone;  and  upon  Its  return^ 
require  maintanance  on  one  of  our  systems*    However »  under  normal  dr^ 
cuastanctSt  the  aircraft  will  be  decontaminated  (washed  down  with  soap 
and  water)  by  the  flight  line  crews  before  any  maintenance  is  performed. 
Radiation  can  be  emitted  from  many  other  sources  >  but  all  sources  will 
be  marked  by  the  Railatlon'  Placard  shown  below*    Haterlals  that  are 
radioactive  will  be  so  marked  that  the  symbol  can  be  seen  from  any 
direction  of  approach*    Study  the  symbol;  its  shape  and  colors* 


DANGER--- 


a  RED 


RADIATION 


i,  SLACK 


2*  YELLOW 


Thla  symbol  appears  on  AFTO  Form  9  and  9  series  "B"  through 
**F/*  and  warns  personnel  of  radiation  and  radioactive  hazardous  areas 
or  materials* 

Check  the  correct  9tatement(s}  : 


1. 

3. 
4* 


If  you  see  the  above  symbol »  but  haven't  heard  an 
explosion^  it  is  ssfe  to  disregard  it* 

AFTO  Form  9  warns  us  of  hazards  due  to  high  frequency 
noise« 

AFTO  Form  9  has  a  red  background* 

AFTO  Form  9  series  warns  us  of  radioactivity  and 
radiation  hazards. 


Answer  to  frame  51: 

1.  2.  3.  / 


51 


23j 


m 

If  you  shoxild  work  on  or  be  near  contaminated  equipment^  you  will 
be  under  the  supervision  of  medical  personnel  and  a  monitoring  team* 
In  addition,  you  must  wear  a  film  badge  or  "dosimeter"  so  the  amount 
of  radiation  (dosage)  you  have  received  can  \>e  measured  and  put  in  your 
medical  records*    You  will  not  be  allowed  to  accumulate  too  loany  '^Roentgena.'* 
The  roentgen  is  the  unit  of  measurement  of  radioactivity* 


Complete  the  following  statement: 
Radiation  dosage  is  measured  by  a 


and  is  expressed  in  units  of  measurement  called^ 


or 


Answer  to  frame  52 : 
1.  '2.  3* 


4.  / 


52 


Frame  54 

Clgazattes^  ookes^  csndy^    etc,  will  not  be  carried  or  consumed 
while  in  a  contaminated  area.    After  working  in  or  around  a  contaminated 
area»  you  will  shower  and  be  checked  to  see  if  you  have  restoved  all 
the  radiation  particles*    If  you  are  completely  free  of  them»  you  will 
dress  in  clean»  contamination  free  clothing*    Any  waste  materials  from 
the  cleaning^  let's  say»  from  a  contaminated  aircraft  will  he  disposed 
of  by  burial  downwind  from  th«  maintenance  activity.    Parts  that  are 
radioactive  will  be  marked  (Frame  52)  with  ona  of  the  AFTO  Form  9 
Mri«s« 

Match  the  terms  In  column  A  to  the  terma  in  column  B  by  placing 
the  number  In  the  space  provided. 

Column  A  Colmm  B 


1*  Radiation  placard   a. 

2.  Roentgen 

3*  Burying   b. 

4 ,  Dosimeter  _^^c* 

5?  Smoking   d. 


Method  of  disposing  of  contaminated 
waste. 

Itot  allowed  in  contaminated  areas* 

Measures  radiation  dosage* 

AFIO  Form  9. 

Unit  of  measurement. 


Answers  to  frame  53: 

Film  badgg  or  dosimeter  Roentgens 


2U 

53 


no 

This  completes  the  programmed  text  on  safety.    Ask  your  instructor 
£or  the  test  on  the  safety  taformation  you  have  Just  completed. 

Answers  to  frame  54: 

3a.  5b.  4c.  Id.  2  e. 
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FOREWORD 

This  programmed  text  was  prepared  for  use  in  the  3ABR32531* 
3ABR32530-1,  and  3ABR32632B  courses.    It  was  validated  using  37 
students  from  the  respective  courses.    Average  time  to  complete 
this  text  is  56  minutes, 

OBJECTIVES 

1,      Without  reference*  identify  facts  concerning  maintenance 
fundamentals.    An  accuracy  of  75%  is  required, 

a.  Protecting  exposed  electrical  connectors  and  open  pressure  lines, 

b.  Removing  and  installing  components, 

c.  Controlling  corrosion. 

This  programmed  text  presents  information  in  small  steps  called 
**frames,**    After  each  frame  you  are  to  make  a  response  by  circling  the 
letter  of  the  correct  statement(s) ,    Check  the  accuracy  of  your  work 
by  comparing  your  answer(s)  with  the  correct  answer(s)  given  at  the 
bottom  of  the  following  page.    If  you  make  an  incorrect  response* 
correct  your  error  before  continuing  to  the  next  frame,    READ  THE 
MATERIAL  CAREFULLY  AND  DO  NOT  HURRY  I 


Supersedes  3A3R32530-1-PT-116,  5  June  1973;  3ABR32632B-PT-213A  and 
3ABR32530-1-PT-111C,  6  November  1975;  3ABR32531-PT-106 ,  3ABR32632B-PT- 
210,  21  October  1974* 
OPR;  TTMCW 
DISTRIBUTION:  X 

TTMCW  -  200;  TTS  -  1 

0  A  ' 


2 


Frame  1 


As  aa  Inscrumenc  mechanic,  you  will  remove  and  install  instruments.  When 
you  remove  an  Inscntmenc  from  an  aircraft,  tines  and  electrical  connectors 
wLU  be  pluggf^d  or  capped.    This  keeps  din,  moisture,  and  other  foreign 
nuitter  out*     If  an  Instrimient  Is  removed  from  an  aircraft,  handle  It  with 
care  for  tt  Is  a  delicate  Item,    You  should  know  the  different  types  of 
Instrument  mounts.    The  two  types  of  instrument  mounts  are  the  bezel  and  clamp. 
Both  types  of  mounts  may  be  found  on  some  Instrument  panels. 

Circle  the  letter  of  the  correct  statement(s) . 

a.  Lines  and  electrical  connectors  will  be  capped  or  plugged  when 
instruments  are  removed  from  the  aircraft, 

b.  The  different  types  o£  instrument  mounts  will  never  be  found  on 
thfi  same  instrument  panel, 

c.  ''Bezel**  and  '*Clamp*'  are  the  two  types  of  instrument  mounts. 

d.  All  Instruments  should  be  handled  with  care. 


3 


Frai^  2 

The  bezel  of  an  instrument  is  a  flange  which  holds  the  glass  in  place. 
See  the  illjstration  below.    Depending  on  the  instrument,  the  bezel  will  contain 
from  two  to  four  holes  for  momting  instruinents  in  the  panel.    When  a  besel 
type  mounting  is  used,  the  instrument  may  be  mounted  either  from  the  front  or 
the  rear  of  the  panel. 


J- 


'7  ' 


Circle  the  letter  of  thft  correct  statement(s), 

a*      The  bezel  is  a  flange  that  holds  the  glass  of  an  instrument  in  place, 

b*     vJith  the  be^el  type  :  ount,  instruments  may  be  mounted  from  the 
front  only, 

c,      A  bezel  type  mount  may  have  two,  three  or  four  holes  for  mounting 
an  instrument  in  the  panel. 


Answers  to  frame  1:    a    c  d 


A 


Frame  3 


Froat  moimting  makes  the  instrument  easier  to  remove  and  Install*  The 
front  method  of  bezel  mounting  is  most  frequently  used*    In  this  method  of 
mountings  connections  to  the  instniment  are  made  before  inserting  it  in  the 
panel  cutout;  then  the  instrument  is  inserted  in  the  P  anel  so  that  the  bezel 
is  on  the  cockpit  side  of  the  panel  and  fastened  in  place  with  mounting  screws* 
(See  illustration  below*)    Of  course  the  reverse  procedure  would  be  used  when 
removing  the  instrument- 
Note;    The  standard  size  screws  used  for  bezel  moimting  are  brass  (non- 
magnetic) round  head  or  flat  head  machine  screws  size  6-32>  or  brass 
round  head  machine  screws  size  10-32  that  are  used  for  larger  and 
heavier  instruments  such  as  gyros* 


CONNlCt   INSUUMiNT  POWfit 
AND   INSitT  INStftUMENf  IN 
PANii 

^  AllON  tLQHf   fLKtUtI  OvCt 
*  INStlUMlNr 


0«C>4  HLNGCO  lUll  CCvCt 

I 

llFf  HINGID  lUllS  to  GAIN  ACCiSS 
fC  MCUNffNG  NCLIS 

INSTALL  tOU*  MOUNTING  iCftCwS 
AND  TlONTiN 


^  PUSH  HInOEO   »UL»S  in  HACi 

7  Close  HiNOic»  covft 


Front  Bezel  Mounting  of  Instruments 
Circle  the  letter  of  the  correct  statement(s) , 

a.  Front  mounted  instruments  are  difficult  to  remove  or  install, 

b.  Connections  to  the  instrument  are  made  before  the  Instrument  Is 
installed  in  the  panel. 


c*      For  the  heavier  instruments^  such  as  gyros>  steel  round  head 
screws  size  10-32  are  used  for  mounting. 


Answers  to  frame  2:    a  c 


5 


Frame  4 


Rear  mounclngt  as  shown  belowt  Is  seldom  used^    The  Instrument  Is  placed 
In  the  cutout  from  the  back  of  the  panel>  and  the  mounting  screws  are  Inserted 
from  the  front.    This  method  almost  always  requires  two  meu;  one  to  hold  the 
instrument  in  place  behind  the  panels  while  the  second  man  applies  the  screws 
from  the  front . 


Circle  the  letter  of  the  correct  statemenc(s) . 

a.      Rear  mounting  of  an  instrument^  in  most  instances^  can  be  easily 
done  by  one  person. 

b*     Mounting  screws  are  made  of  brass  and  are  inserted  from  the  rear 
of  the  instrument. 

c.      Instruments  are  Seldom  rear  mounted* 


^        INSTRUMENT  PANEl 


OIL  fitEssuH  Gage 


CntZK  VAIVE 


Rear  Bezel  Mounted  Instrument 


Answer  to  frame  3!  b 


6 


Frame  6 


237 

Frame  5 


Some  instruments  are  desigMd  to  be  bezel'  or  clamp  mounted.    When  clamp 
mounting  Is  desired,  the  bezel  ring  is  removed  (Figure  A).    A  clamp,  attached 
to  the  panel  (Figure  B) »  holds  ch£  instrument  instead  of  the  bezel. 


Figure  A  Figure  B 


Instrument  Prepared  for  Clamp  Mounting 

Circle  the  letter  of  the  correct  statement(s) * 

a*      Some  instruments  can  be  clamp  or  bezel  mounted* 

b*     The  two  parts  of  the  bezel  ring  are  held  together  by  the  bezel 
asseisbly  screws. 

c*      To  change  from  a  clamp  to  a  bezel  type  of  mounts  the  bezel  is 
attached  to  the  panel  and  not  to  the  instrument. 


Answer  to  frame  A:  c 


Fraifle  6 

The  clamp  (see  figures  below)  is  mounced  in  back  of  the  panel  by  one 
screw  (1)  in  the  upper  left  corner  of  the  panel  cutout*    The  clamping  screw 
(2)  actuates  a  clamping  loechanism  (see  frame  5,  figure  B)*    One  advantage  of 
this  type  of  mount  is  that  the  recioval  and  installation  of  instruments  can  be 
done  by  one  person  in  a  fraction  of  the  time,  as  compared  to  bezel  type  mounts. 
Another  advantage  is  that,  after  installation,  instruments  can  be  turned  in  the 
panel  so  that,  all  pointers  will  be  aligned. 


Circle  the  letter  of  the  correct  statenient(s) . 

a*      There  are  advantages  of  the  clamp  mount  over  the  b^ezel  mount. 

b.  The  x;lamp  is  mourited  to  the  front  of  the  panel* 

c.  The  screw  in  the  upper  left  comer  of  the  panel  cutout  holds  the 
clamp  in  the  panel. 


Answers  to  frame  5:    a  b 


or 


Frame  7 

Certain  items  of  Air  Force  equipment  must  be  packaged  and/or  labeled 
when  being  prepared  for  shipment  or  storage*    The  00*-85  series  Technical 
Orders  specify  Protective  Packinj.j  (containers)  and  Preservation  Packaging 
(cushioning  or  wrapping).    When  preparinji  equipment  for  packaging,  pre- 
cautions should  be  taken  against  corrosion  or  improper  handling  (dropping^ 
etc) , 

Circle  t"ie  letter  of  the  correct  statement(s) , 

a.  Packing  and/or  labeling  of  Air  Force  equipment  are  for  purposes 
of  shipment  and  storage  of  the  equipment  only. 

b.  The  00-85  series  Technical  Orders  provide  specific  information 
on  Preservation  Packaging* 

c.  ^  During  the  packaging  of  a  co^nponent  you  should  be  concerned 
only  with  protecting  the  component  from  physical  damage  if  it  is  dropped 
or  roughly  handled. 


Answers  to  frame  6:    a  c 
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330 

A  component  is  packed  tightly  with  ti^^sue  paper,  felt,  glass  wool, 
Kitnpac,  or  sponge  rubber  to  provide  physical  protection.    All  openings 
and  electrical  receptacles  (connectors)  should  have  a  plug  or  cover  placed 
over  them  before  the  component  is  v/rapped  and  packed*    Components  with 
caging  or  locking  devices  will  be  caged  or  locked  prior  to  packaging.  The 
container  usjed  will  depend  on  the  item  that  is  being  packaged.  Some 
components  require  metal  containers*  other  items  need  only  a  wood  or 
cardboard  container.    The  size  of  the  container  may  range  from  a  size 
small  enough  for  an  aircraft  clock  to  one  large  enough  to  package  an 
aircraft  engine.    Regardless  of  the  container  and  size  used,  only  one 
component  may  be  packaged  In  ^  single  container > 

Circle  the  letter  of  the  correct  statement(s) » 

a*      Types  of  packing  material  are  tissue  paper,  metal,  glass  wool» 
wood  and  sponge  rubber. 

b.  The  type  of  material  used  in  the  container  will  depend  on  the 
item  being  packaged. 

c.  All  components  require  metal  containers. 

d.  Openings*and  electrical  connectors  on  components  should  be 
capped  or  plugged  before  packaging* 


Answers  to  frame  7:    a  b 


2" 


10 


531 


To  [provide  protoctioti  .i^:;iliisL  torroslon,  the  component  is  prickAj;ed 
111  a  wator-vapor  proof  container.    Hie  enclosed  air  is  dried  by  destccnnt 
(a  deliydratitig  agent)  to  a  relative  humidity  of  20%  or  lower.    By  con-- 
trolling  the  atmospheric  humidity  surrounding  the  component,  corrosion 
will  not  occur  in  the  shipment  and  storage  of  these  expensive,  compli- 
cated assemblies. 

Circle  the  letter  of  the  correct  statement (s) . 

a*      The  enclosed  air  in  a  water-vapor  container  is  dried  by  a 
dehydrating  agent. 

b.  A  component  could  become  inoperative  because  of  a  small  amount 
of  corrosion* 

c.  The  desiccant  controls  the  relative  humidity  and  temperature 
inside  the  container. 


Answers  to  frame  8:    b  d 


11 
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Trame  Lt) 

Most  component  packages  must  Ije  opened  periodically  and  checked  £or 
moisture*    Humidity  cards  will  indicate  the  presence  of  excessive  moisture 
inside  each  water-vapor  proof  container.    These  cards  have  blue  dots  which 
turn  pink  if  the  package  contains  moisture*    If  the  blue  dots  turn  pink*  the 
instrument  must  be  bench  checked  and  repacked  along  with  a  new  deslccauc  Into 
the  container*    The  Intervals  at  which  the  inspection  is  made  depends  on  the 
level  of  packaging  and  the  type  of  container  (packing)  used* 

Note:    The  levels  of  packaging  and  packing  are  determined  by  the 
cushioning  and  material  of  the  container*    (TO  5-1-1)* 

Circle  the  letter  of  the  correct  statement (s) * 

a*      Humidity  indicator  cards  are  used  to  dry  the  air  In  water-vapor 
proof  containers* 

b*      When  exposed  to  excessive  moisture,  the  dots  on  the  humidity 
indicator  card  change  from  blue  to  pink* 

All  components,  regardless  ol  the  container  or  packaging,  will 
be  checked  at  certain  intervals  when  stored- 


Answers  to  frame   9:     a  b 
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Frame  XI 


533 


Some  components,  dua  to  their  types,  packaging,  etc.  are  not  required 
to  be  checked  after  an  interval  of  storage  time  (00-20K-series  TOs) .  See 
status  tag  below. 


t 


i  o  Z 
a  a 

t    Q  t 


a  » 

ill 

^  c  * 

i  ?L 


fSN    PAtT   HO    *M0  ITIM  OfSCll#TION 

SERVICEABLE  TAG-MATERrEL 

^fti  tNSpfCTtoN  ouc/ovt»Aoe  coNoniON 

cow  .  , 

■NSfeCTION  aCT1V«TT 

AFB  3018 

StIIAl  NO  /\01  NO 

UNIT  OT 

1N}peCTO*'S  NAM!  O*  SIAJHf  AND  OAlt 

'  DEC  '70 
SUPPLY  INSP.5 

CONTtACI   Ot  tUlCtUfC 
OlOft  NO 

QUANT  ITT 
/ 

tftlACl}         FOtM  lOt^WHlCH  MAT  tl   USfO   IN   TKC  US^F 


The  tag  would  normally 'be  on  the  Inside  of  the  container  and  the  label  (gunsmed- 
back  counterpart  of  the  tag)  would  be  on  the  outside  with  the  same  information 
as  listed  on  the  tag* 

Circle  the  letter  of  the  corvect  states^nt (s) * 

a*      Some  components  are  not  checked  after  an  interval  of  storage  time* 
b.      The  status  tag  will  nonaally  be  on  the  outside  of  the  container, 
c*      The  label  Is  the  counterpart  of  the  tag  and  has  a  gummed-back. 


Answers  to  frame  10:  b 
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Frame- 12 

Activities  packaging  components  will  comply  with  ''Marking  Requirement*' 

as  listed  in  TO  5-1-1*  Inspection,  Maintenance,  Storage  and  Shipment  etc, 

Some  markings  and  labels  are  located  as  follows; 

a.  Status  Label     On  the  outside  of  the  container  vith  the  same 
Information  as  the  status  tag  (frame  22).    The  levels  of  packaging  and  the 
levels  of  packing  in  the  "condltloa  code**  block  will  be  listed  on  the  status 
label  for  *'Serviceable  Items'*  only. 

b.  The  marking,  '*Fragile  Components  -  Handle  with  Care>*'  may  be  labeled 
or  stenciled  on  the  shipping  container. 

c.  *'Re-usable  container  ™  Do  Not  Destroy**  Is  stenciled  on  the  side  of 
some  containers. 

Circle  the  letter  of  the  correct  statement(s) . 

a.  Levels  of  packaging  and  packing  are  not  required  on  status  labels 
for  repairable  items. 

b.  The  status  label  will  be  inside  of  the  shipping  container. 

c.  The  levels  of  packaging  and  packing  vill  not  be  listed  in  the 
*'condltion  code"  block  on  the  status  label  for  repalrables. 


Answers  to  frame  11:    a  c 
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Frame  13 

Components  that  have  radioactive  characteristics  will  be  shielded, 
packaged  or  otherwise  protected  (AFM  71-4),  and  marked  with  an  AFTO  Form  9B, 
Radioactive  Material  Symbol  which  is  shown  below*    The  Information  in  the 
lower  portion  of  the  form  shall  be  entered  on  at  least  one  label  per  package 
(TO  00-llOH  series).    This  form  is  not  required  on  the  outside  of  the  container 
If  the  labeling  requirements  of  the  transportation  directives  are  satisfied* 


CAUTION 
RADIOAGIVE 
MATERIAL 


CHEMICAL  SYMBOL 
AND  ATOMIC  WeiOHT 

QUANTITY  IN  MiLLlCUftlES 
DATE 

AHO  lOtM  9\  fKfVtOUS  COITIONS 

OF  lH\i  FOKM  AMC  OlSOilfl 

RADIOACTIVE  MATERIAL 
WARNINO  LAftEL 


YEUOw 


UAQ£HTA 


Circle  the  letter  of  the  correct  statement (s) * 

a.      An  AFTO  Fona  9B  is  required  on  the  outside  of  the  shipping  container 
for  radioactive  parts* 


The  AFTO  Form  9B  symbol  warns  of  radioactivity  danger. 


Answers  to  frame  12;    a  c 
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Frame  14 


A  good  rule  to  follow  for  packing,  packaging,  and  repacking  of  com- 
ponents is  to  use  the  same  container  the  serviceable  part  came  in.  Most 
component  overhaul  TOs  will  give  a  step-by-step  procedure  for  packing  and 
packaging  of  components.    The  following  packing  procedure  is  an  example 
taken  from  TO  5E6-3-2]'^3,  Overhaul,  Electrical  Resistance  Thermometer. 

a.  Pack  in  reusable  N'r  10  can.    Insert  a  layer  of  Kimpac  in  bottom 
of  can. 

b.  Completely  line  the  inside  of  the  can  with  a  roll  of  Kimpac. 

c.  Surround  the  thermometer  (Ratiometer)  with  a  roll  of  Kimpac. 

d.  Place  indicator  in  can  so  that  it  is  held  firmly  in  place. 

e.  Place  a  four  ounce  bag  of  silica  gel  (desiccant)  on  top  layer  of 
Kimpac. 

f.  Place  cover  on  can  and  seal  with  ring  clamp. 

Note:    To  prevent  damage  to  jewels  and  pivots>  NEVER  ship  a  ratiometer 
unless  it  has  a  minimum  of  three  inches  of  cushioning  material  on  all 
sides.  ^ 

No  Response  Required 

32632B  students  skip  to  Frame  31. 


Answers  to  frame  13; 


16 
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Frame  15 

We  have  covered  many  aspects  of  component  maintenance  thus  far,  but 
one  important  area  of  maintenance,  potting  of  electrical  connectors 
located  in  various  places  in  the  aircraft,  needs  to  be  presented* 

No  Response  Required 
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Frame  16 


Some  electrical  connectors  on  aircraft  must  be  sealed  (potted)  while 
other  connectors  In  the  same  area  are  never  potted.    For  instance*  In  the 
wheel-v*Ils  of  B-52  aircraft*  the  oleo  connectors  (figure  ^)  are  required 
to  be  potted  while  coaxial  cable  conneci.       (figure  B)  are  never  potted, 
A  good  rule  to  follow  is  that  If  a  connector  xn  a  system  was  potted  before 
you  worked  on  the  system*  make  sure  it  is  potted  after  you  finish  working  on 
the  system. 


MO  RESPONSE  REQUIRED 


No  Response  Required 


2G  • 
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Frame  17 


^3? 


Sealing  compound  (potting)  is  used  to  iroisture-proof  the  wiring  connected 
o  the  backs  of  <ilectrical  connectors.    It  is  also  used  to  reinforce  the  backs 
f  connectors  against  failure  caused  by  vibration  and  lateral  pressure  (pull 
f  wores)  which  fatigue  the  wires  at  the  solder  cups  (pins) , 

Circle  the  correct  answer(s). 

Electrical  connectors  are  potted  to 

a,  nosture*-proof  the  back  of  the  connector. 

b,  prevent  vibration  of  the  connectr. 

c.  reinforce  the  wires  at  the  back  of  the  connectr. 

d.  cause  vibration  and  fatigue  of  wires  at  solder  cups. 
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Frame  X8 

The  potting  compound  also  protects  electrical  connectors  from  corrosion 
or  contamination  by  keeping  out  metallic  particles  and  aircraft  liquids.  It 
also  reduces  the  probability  of  arc-over  between  pins  on  the  back  of  the 
connectors.    Therefore*  work  required  on  potted  connectors  Is  less  frequent 
than  on  other  connectors. 

Circle  the  correct  answer(s). 

The  potting  compound  In  the  back  of  electrical  connectors 

a*     will  probably  cause  arc-over  between  pins. 

protects  against  corrosion  and  contamination. 

c*      keeps  out  aircraft  liquids  and  metallic  particles* 

d.      In  time,  will  require  more  work  on  the  potted  connector  than  one 
not  potted. 


Answers  ^o  frame  17;     a  c 


9'' 
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Frame  19 


The  location  of  connectors  will  be  a  factor  in  determining  wha;  type  of 
Dotting  compound  to  use»    Some  potting  compoundj  are  to  be  used  where  the 
cemperature  is  very  high,  while  other  compounds  are  to  be  used  where  the 
temperature  Is  below  20G'*F.    Due  to  the  n™ber  of  compounds  and  the  differ- 
ences in  eachf  we  will  not  attempt  to  cover  ^'Preparation  and  Application  of 
Potting  Connectors,**    However,  before  using  any  type  of  potting  coiBpound  be 
sure  to  read  the  directions  on  the  container  and  TO  l-lA-14, 

In  addition  to  the  compound  mixing  instructions  the  following  information 
may  also  be  listed. 

Warning 

(1)  The  acceleration  mixture  contains  a  lead  compound.    Avoid  excessive 
skin  contact  and  clean  hands  thoroughly  after  handling* 

(2)  Observe  adequate  ventilation  and  fire  precautions  during  mixing 
and  storage* 

Note:    Complete  potting  within  two  hours  after  cleaning  connector* 

Circle  the  letter(s)  of  the  correct  answer(s)  below* 

a*      Temperature  at  the  connector*  ;  location  should  be  known  before 
potting  is  attempted* 

b.      The  temperature  range  of  potting  compound  is  not  important* 

c*      Dirtictions  on  the  potting  container  should  be  read  and  followed. 


Answers  to  frajae  18:  be 
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9o  ^ 


Frame  20 

The  correct  answers  will  be  listed  after  the  last  review  question. 

Circle  the  correct  answer  below* 

1.      The  two  types  of  xustrument  mounts  in  use  are 

a.  front  and  rear, 
b*  clamp  and  rear . 
c.      be::el  and  clamp* 

2<      When  a  component  xs  removed  from  tha  aircraft  for  any  length  of  time, 

a*      linef;  and  connectors  will  be  capped  and  plugged* 
b*      the  component  will  be  bench  checked  before  it  is  Installed  on 
the  aircraft* 

c.      the  component  will  be  packaged  and  labeled* 

3*      The  bezel-front  method  of  mounting  can  be  accomplished  easily 

a.  if  two  men  perform  the  job* 
b*      by  one  man* 

c.      by  one  man  behind  the  instrument  panel* 
A.      The  levels  of  packaging  and  packing  are  determined  by  the  type  of 

a*      cushioning  material. 

b.  shipping  container. 

c.  cushioning  and  the  type  of  shipping  container  used. 
5.      Some  packaging  materials  are 

a.  Kimpac,  glass'-wool  and  felt. 

b.  sponge  rubber,  wood  and  tissue  paper, 
c*      felt,  tissue  paper  and  metal. 

0.      Shipping  containers  cin  be  made  of 

a.  wood. 

b .  cardboard. 

c.  wood,  cardbcard  and  metal* 

7.      Some  labels  or  markings  found  on  the  outside  of  the  shipping 
container  are 

a.  "Re-usable  container"  and  AFTO  Fom  9E* 

b.  "Fragile-Handle  witfi  Care^'  and  a  status  label* 

c.  status  tag  and  "Warning-Radioactive." 


9  n  ' 

22 


8.  The  best  rule  co  follow  for  packing  and  packaging  of  a  repairabU 
coraponenc  is  to 

a.  make  sure  you  use  a  sire  10  can  or  larger. 

b.  usa  Che  same  container  that  the  serviceable  item  came  in  i£ 

possiole^^^  sufficient  packaging  and  a  humidity  indicator  card. 

9.  Aircraft  connectors  are  potted  to 

a.  guard  against  electrical  induction. 

b.  reduce  pressure  loss  at  pressure  bulkheads, 
c     increase  re.^istance  to  temperature  changes. 

d.    moisture  prcof  the  siring  connected  to  the  backs  of  tne 
connectors . 

10.  Before  mixing  potting  compound,  it  is  necessary  to 

a     know  the  temperature  at  the  connector's  location.- 

b.  know  the  extent  of  vibration  at  the  connector  s 

c.  determine  the  number  of  coaxial  cable  connectors  to  be  potted. 

11.  The  preparation  and  use  of  potting  compounds  requires  that  care 
must  be  taken  to 

a     mix  the  compound  in  a  plastic  container, 
b     provide  adequate  ventilation  and  fire  protection. 
c.    avoid  excessive  skin  contact  and  to  clean  hands  after  use 
due  to  the  abrasive  nualicies  of  the  mixture. 

I    complete  the'potting  within  1  hour  after  cleaning  the  connector. 


Answers  to  frame  19:    a  c 
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Frame  21 

When  your  shop  chief  assigns  you  a  work  order  Che  first  thing 
you  should  do  is  check  the  aircraft  forms*    Tliere  may  be  Information 
on  the  forms  that  is  pertinent  to  the  malfunction  indicated  on  your 
work  order*    An  operational  check  of  the  system  should  then  be 
performed  to  see  if  the  malfunction  can  be  duplicated.     (You  may 
not  be  able  to  duplicate  the  malfunction.) 

Before  engaging  the  autopilot  for  an  operational  check  (^ny 
ground  operation)  be  sure  that  other  personnel  are  not  working  on 
or  around  the  aircraft  control  surfaces,  spoilers,  control  cables, 
or  actuators.    The  operational  check  could  result  in  sudden  movement 
of  these  controls  and  could  cause  injury  to  other  personnel. 

Place  a  (X)  for  true  and  an  (F)  for  False  in  the  spaces  provided 
below. 

  1.      The  aircraft  forms  may  contain  useable  information  that  is 

not  on  the  work  order. 

2.      An  operational  check  Is  not  necessary  because  the  work 
order  will  tell  you  all  you  need  to  know* 

3*      You  should  know  the  location  of  other  personnel  on  the 
aircraft  before  performing  an  operational  check. 


Answers  to  frame  20:    1*  £    2.  _a    3.  ^    ^'  ^ 

6.  c    7-  o      8-  b    9-  d    10*  a    11,  b 
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Frame  22 

After  an  operational  check  of  the  system  you  should  be  able  to 
isolate    the  cause  of  the  malfunction  to  a  certain  area  of  the  system. 
Thea  by  troubleshooting  you  should  be  able  to  determine  the  cause  of 
the  malfunction.    X£  you  determine  that  a  component  has  to  be  removed^ 
repaired)  or  replaced,  make  sure  that  the  electrical  power  to  the 
component  is  turned  off.    If  there  are  hydraulic  lines  connected  to 
the  component »  bleed  the  pressure  from  these  lines.    Make  sure  you 
have  the  tools  that  will  be  needed  to  remove  the  components.  You 
should  have  a  checklist  of  all  the  tools  Chat  you  take  on  the  job 
and  x^en  finished  check  to  make  sur^  you  have  all  your  tools.  A 
loose  wrench,  screwdriver,  etc.,  can  be  very  dangerous  on  an  aircraft. 


below. 


Place  a  (T)  for  True  and  an  (F)  for  False  in  the  spaces  provided 


1.  Before  removing  a  component,  the  hydraulic  pressure  and 
electrical  power  should  be  turned  ON. 

2.  Troubleshooting  checks  should  be  performed  to  make  sure 
that  a  certain  component  is  causing  the  malfunction  before 
removing  the  component.  i 


3.      A  checklist  should  be  used  to  make  sure  that  all  tools  are 
removed  from  th«  aircraft. 


Answers  to  frame  21;    1.  True    2.  False    3^  True 
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Frame  23 

After  detennlnlag  that  a  component  should  be  removed  and  that  you 
have  Che  proper  cools  to  do  the  job»  all  safety  wire  (if  any)  should 
be  removed  from  the  component,    All  used  safety  wire  or  any  unreusable 
Item  thtt  is  removed  should  be  placed  in  an  FOD  (Foreign  Object  Damage) 
container*    This  prevents  the  possibilicy  of  loose  pieces  of  safety 
wire  from  shorting  out  the  electrical  circuits*    Pieces  of  safety  wire 
or  other  items  left  on  Che  runway  could  be  drawn  into  the  intake  of  a 
jet  engine  causing  damage  to  the  engine. 

After  the  safety  wire  has  been  removed*  the  electrical  connectors 
and  hydraulic  lines  (if  any)  should  be  disconnected*    When  removing 
electrical  connectors  and  hydraulic  lines*  both  the  male  and  female 
connectors  should  be  capped*    This  is  done  Co  prevent  damage  to  the 
connectors  and  to  keep  dirt  and  ocher  foreign  objects  from  the 
connectors  and  lines*    The  procedures  for  Che  final  removal  of  each 
component  are  different  and  should  be  accomplished  in  accordance  with 
(lAW)  the  applicable  technical  order. 

Place  a  (T)  for  True  and  an  (F)  for  False  in  che  spaces  provided 
below* 

  1*     All  safety,  wire  that  has  been  removed  should  be  placed  in 

an  FOD  container* 
* 

  2*     When  disconnected »  hydraulic  lines  and  electrical  connectors 

should  be  capped, 

  3.      Removal  of  a  component  should  be  done  lAW  che  TO  for  chat 

system. 


Answers  to  frame  22.    1-  False    2,  True    3,  True 


Frame  24 

When  Ina calling  a  new  componenc  or  reinstalling  one  thac  was 
removed  and  repaired »  remove  the  protective  caps  from  the  electri- 
cal connectors  and  hydraulic  lines  (8f  any).    Attach  and  safety 
wire  (when  necessary)  the  electrical  connectors  and  hydraulic 
lines.    Install  the  component  using  the  applicable  technical  order. 
Malce  sure  that  all  mounting  screws »  nuts^  or  bolts  <;re  tight  and 
aafety  wired.    Whan  the  Installation  Is  completed »  apply  electri- 
cal power  and  hydraulic  pressure  (If  needed)  and  operational 
check  the  system  USX  tha  applicable  TO.    If  the  syatem  checks 
OK^  the  aircraft  foma  are  signed  off  and  the  job  is  completed. 

Place  a  (T)  for  True  and  an  (T)  for  False  in  the  spaces 
provided  below. 

  1*      When  you  have  Installed  the  component  your  job  is  completed* 

2*      A  component  that  was  safety  wired  when  removed  does  not  have 
to  be  reqlred  after  replacement. 

  3.      Components  should  be  removed  and  Installed  lAW  the 

applicable  technical  order. 

  4»     After  installing  a  component,  an  operational  check  of  tha 

systam  must  be  performed* 

  5*     Aircraft  forms  must  be  signed  off  after  replacing  a 

component . 


Answtirs  co  frame  23:    X.  True    2.  True    3.  True 


Frame  25 


At  one  time  or  another,  corrosion  becomes  a  probUm  for  Just  about 
everyone.    Has  your  car  ever  failed  to  start  because  Che  battery  cables 
«ere  corroded?    What  about  the  door  you  couldn't  open  because  the  hingesi 
or  lock  had  rusted?    And  that  car  you  «anted  to  buy  «ould  have  been  just 
perfect — had  not  the  fenders  been  rusted  so  badly,    Sound  familiar? 
They  probably  do  because  corrosion  always  seems  to  be  at  work  tumevhere^ 

Just  like  everyone  else^  the  Air  Force  has  a  problem  «ith  corrosion- 
But  considcriag  the  size  of  the  Air  Force  and  the  amount  of  equipment  it 
must  tttaiatain,  you  can  imagine  just  how  large  that  problem  is.    In  fact, 
the  cost  of  fighting  corrosion  runs  Into  millions  of  dollars  every  year. 

But  don't  think  of  it  as  the  Air  Force's  problem  because  ^ou  are 
the  Air  Force,  no  less  than  anyone  else  who  wears  the  uniform*  Like 
most  other  problems »  corrosion  cannot  be  handled  without  your  help. 
However,  before  you  can  help»  you  will  have  to  know  exactly  what  it 
is  and  your  responsibilities  In  its  prevention  and  control, 

NO  RESPONSE  REQUIRED 


Answers  to  frame  24:    i.  False    2*  False    3,  True    4,  True    5,  True 


2  ',  ' 
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Frame  26 

First  of  all>  corrosion  is  defined  as  the  deterioration  of  a  metal 
by  reaction  to  its  environment.    If  you  prefer  simpler  definitions^ 
it*3  similar  to  the  old  theory  of  what  goes  up  mwsc  come  down*  Since 
most      Cals  are  manufactured  by  a  chemical  process^  they  have  a  tendency 
to  return  to  their  original^  natural  state.    This  process  of  returning 
is  called  corrosion.     (Some  metals >  such  as  gold  and  platinum >  are  not 
affected  by  corrosion  because  they  are  still  in  their  natural  state.) 

Check  (/)  the  true  statement (s)  below. 


_^1*     All  metals  are  subject  to  corrosion* 
2.      Corrosion  causes  metal  to  return  to  its  natural  state. 


Answer  co  frame  25:    NO  RESPON'SE  REQUIRED. 
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Frame  27 

Although  there  are  several  different  types  of  corrosion,  we  will 
only  discuss  one  type  In  this  FT  -  electrochemical  corrosion*  It 
deteriorates  the  metal  quickly  and  does  far  more  damage  than  any  other 
type«    In  fact^  most  of  the  other  types  merely  lead  to  electrochemical 
corrosion*    How  let*s  see  how  It  works*. 

"Electro"  represents  electricity:    the  flow  of  electrons  from  one 
point  to  another*    In  turn,  the  difference  In  "chemical"  makeup  between 
two  points  creates  the  potential  for  electron  flow.    In  other  words, 
electrons  flow  from  a  place  that  has  a  surplus  of  electrons  to  a  place 
that  has  a  shortage  of  electrons  (you  should  remember  this  from  Elec- 
tronic Principles)*    Corrosion  occurs  In  the  place  that  Is  losing 
electrons* 

These  places  can  either  be  two  pieces  of  metal  In  contact  with 
each  other  or  two  areas  In  the  same  piece  of  metal* 

Check  (/)  the  true  statement (s)  below: 

.  ,  ,1'      Electrochemical  Is  the  ia>st  serious  type  of  corrosion* 


_2,      The  chemical  makeup  of  a  piece  of  metal  can  v^ry  from 
place  to  place  in  that  piece  of  metal* 

Corrosion  occurs  In  the  place  that  Is  gaining  electrons. 


Answers  to  fr^ime  26; 
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Frame  28 

So  now  you  have  all  the  requirements  for  corrosion,  right?  Wrong! 
Think  back  to  Electronic  Principles  again.     Perhaps  you  remember  that 
there  must  be  a  complete  path  or  circuit  before  the  electrons  can  flow- 
The  metal  itself  provides  half  of  that  circuit,  but  the  other  half  is 
provided  by  contamination  on  the  surface.     (See  figure  1.) 


ELECTRON  CONDUCTOR  METAL 


Figure  1.    Metal  and  Contamination  Form 
Circuit  for  Electron  Flow* 

Often  this  contamination  Is  moisture,  but  other  contaminants  like 
saltt  dirt,  and  excessive  grease  or  oil  tend  to  attract  moisture  and 
then  lead  to  the  same  result*    Hold  itM    Are  you  thinking  that  grease 
and  oil  would  be  more  likely  to  protect  the  metal  than  lead  to  corrosion? 
That's  true  up  to  a  point*    But  if  they  are  applied  excessively,  they 
collect  dirt  which  in  turn  collects  moisture*    See  the  connection? 

Metal  shavings  can  also  act  as  conductors  for  the  electrons,  just 
as  moisture  does*    They  should  also  be  considered  a  form  of  contamination. 

Check  (/)  the  true  statement (s)  below* 

1.      Contamination  does  not  need  to  be  present  for  corrosion  to 
begin, 

,2*      Moisture  is  the  only  form  of  contamination, 
 3,      Contamination  provides  a  complete  circuit  for  electron  flow* 

Answers  to  frame  27;        /     1,        /     2,  3- 
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r)  *** 
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Frame  29 

So  far  you've  learned  the  two  basic  causes  of  corrosion:    a  differ- 
ence in  chemical  makeup  and  contamination.    Both  are  directly  involved 
with  the  electrochemical  process,  and  both  must  be  present  for  corrosion 
to  begin.    Now>  if  you  have  all  that  straight,  let's  go  on  to  somfe  other 
factors. 

NO  RESPONSE  REQUIRED 


(Answers  co  frame  28:  1*    2. 
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Stress  is  any  force  applied  to  metal.    It's  not  actually  a  cause 
o£  corroelon,  but  the  weakening  effect  It  has  on  metal  can  lead  to 
corrosion.    Given  time,  and  If  the  stress  Is  great  enough.  It  can  crack 
thin  metals,  especially  along  welded  seams  and  around  riveted  and  bolted 
joints . 

Although  this  sort  of  structural  damage  is  extremely  dangerous  In 
Itself,  It  Is  by  no  means  the  worst  that  can  happen*    Since  the  cracks 
caused  by  stress  are  usually  very  small,  chey  can  easily  go  undetected. 
If  so,  contamination  will  collect  in  them  causing  corrosion  to  begin. 
In  such  cases,  the  corrosion  will  usually  do  a  great  amount  of  damage 
in  a  short  period  of  time*    This  is  because  the  cracks  have  already 
penetrated  any  type  of  protective  coating  on  the  surface  (paint,  etc). 
Therefore,  corrosion  is  free  to  attack  the  core  of  the  metal. 

Some  sources  of  stress  are  expansion  and  contraction  due  to 
temperature  changes  and  vibration  due  to  operation  of  equipment. 

It's  Important  to  realize  that  stress  does  not  take  an  active  part 
in  the  corrosive  process.    Instead,  it  gives  corrosion  a  place  to  begin — 
a  foothold  so  to  speak* 

Checic  W)  the  tm*  statementCs)  below.  * 

  1.      Stress  weakens  metal. 


1       Cracks  caused  by  stress  are  not  Important  because  they  will 
not  penetrate  the  protective  coating  on  the  surface. 

3.  Structural  damage  caused  by  stress  is  usually  found  along 
wolded  seams  and  around  riveted  and  bolted  joints. 

4.  Corrosion  cannot  take  place  without  stress  damage. 


Answer  to  frame  29:    NO  RESPONSE  REOUIKD. 
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Next»  let's  talk  about  geographical  location  as  a  factor  In 
corrosion.    Some  geographical  locations  contain  more  sources  of  con- 
tamination than  others  -  it's  as  simple  as  that*    As  an  obvious  example, 
metal  located  on  a  semi-tropical  coastline  such  as  Florida  would  be 
exposed  to  much  more  salt  and  moisture  than  metal  located  in  the  Arizona 
desert.    Therefore >  ycu  can  assume  that  corrosion  prevention  would  be 
more  difficult  in  Florida. 


Check  (/)  the  true  statement (s)  below. 


_1.      Geographical  location  has  little  to  do  with  corrosion. 


Some  geographical  locations  contain  mere  sources  of 
contamination  than  othars. 


Answers  to  frame  30: 


Frame  32 

Chemical  differences  between  mfttals »  concamlnaclon*  stress »  and 
geographical  location  are  all  either  products  of  or  directly  associated 
with  the  environment.    In  our  case*  the  environment  consists  of  the 
conditions  or  Influences  that  surround  a  piece  of  metal. 

You  already  know  that  these  conditions  or  influences  could  be 
anything  from  the  metal  shavings  a  maintenance  man  left  behind  to  the 
vibration  caused  by  a  jet  «nglne.    Therefore*  It's  obvious  that  environ- 
ment Is  a  very  general  term*  involving  a  great  many  factors  that  affect 
the  progress  of  corrosion.    That's  why  It  was  used  In  the  o/lgioal* 
general  definition  of  corrosion  (the  deterioration  of  a  metal  by 
reaction  to  Its  environment). 

Check  (J)  the  true  3tatement(s)  below* 

 1,      The  conditions  or  influences  that  surround  a  piece  cf  metal 

make  up  its  environment. 

 2,      Corrosion  Is  the  reaction  of  a  metal  to  its  environment, 

 3,      The  environment  Involves  very  few  of  the  factors  that  affect 

corrosion. 


Answers  to  frame  31: 
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rrame  33 

Hopefully,  you  now  have  a  basic  understanding  of  how  corrosion 
works,  because  understanding  a  problem  is  essential  In  solving  it*  As 
you've  probably  guessed,  our  next  topic  is  corrosion  prevention* 

Although  many  methods  are  used  to  prevent  corrosion,  they  all  have 
one  common  purpose.    That  purpose  Is  to  stop  Its  basic  elements  -  the 
damaging  flow  of  electrons.    If  you  stop  the  electron  flow,  you  stop 
corrosion t 

NO  RESPONSE  REQUIRED 


■^ii^wt-rs  to  f  r;imt'   M  : 


^  *  J 
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Frame  34 

First  of  all»  let^s  talk  about  the  two  basic  causes  of  the  electron 
flow:    difference  in  chemical  inakeup  and  contamination*    If  either  Is 
ellodnated,  corrosion  will  not  take  place* 

Actually,  as  a  *iiaintenancc  sptcialist,  you  will  have  very  little  to 
do  with  eliminating  the  chemical  differences  in  metal*    Problems  in  this 
area  are  corrected  (if  possible)  in  the  designing  and  manufacturing  of 
the  metal  and  the  equipment  it  will  be  a  part  of* 

However,  it  will  be  your  job  to  remove  and  replace  parts  on  air- 
craft*   When  doing  so,  you  must  be  careful  to  Install  the  correct  part. 
Failure  to  do  this  may  create  a  chemical  difference  between  the  incorrect 
part  and  the  metal  surroiinding  it*    As  you  already  know>  this  w±Ll  cause 
corrosion  if  contamination  is  present*    Such  mistakes  usually  happen 
when  installing  small  pieces  of  hardware  such  as  screws,  bolts,  ecc> 
(see  figure  2) * 


Figure  2* 

Check  i^)  the  true  statement(s)  below* 

 1*      If  possible,  equipment  is  designed  so  that  metals  with  different 

chemical  makeups  are.  not  in  close  contact  with  each  other* 

 2*      The  basic  rule  for  installing  a  part  is:    If  it  fits,  it* 11  work 

just  fine* 

 3*      Corrosion  will  take  place  whether  there  is  a  difference  in 

chemical  ruakeup  or  not* 

Ai^swer  to  frame  33:    UO  RESPONSE  RKQUIPED. 
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Frame  35 


Contamination  Is  the  other  basic  cause  of  corrosion  and  the  cure 
for  It  Is  cleaning.    Since  you*ve  been  in  the  Air  Force  for  some  time 
now,  you  may  already  be  familiar  with  It.    Most  of  the  cleaning  you've 
done  so  far  has  probably  been  for  reasons  of  health  or  safety.  But 
when  dealing  with  multl-mllllon  dollar  equipment,  It  becomes  the  first 
line  of  defense  against  corrosion*    Remember,  if  contamination  Is  not 
present,  corrosion  will  not  take  place. 

Check  (/)  the  true  statement(s)  below. 

 1.      Cleaning  Is  done  only  £or  reasons  of  health  or  safety. 

 2*      Corrosion  will  not  take  place  unless  sonie  type  of  contamination 

Is  present* 

 3.      Cleaning  is  the  only  method  of  preventing  corrosion. 


Answers  to  frame  34:       /     1.  2.  3. 


Frame  36 

Host  other  methods  of  preventing  corrosion  consist  of  applying 
a  protective  coating  to  the  surface  of  the  metal.    The  mat  familiar 
of  these  methods  is  painting. 

When  paint  is  applied  to  a  metal  surface »  it  Inhibits  or  slows 
down  any  corrosive  flow  of  electrons  that  might  take  place.    It  also 
prevents  most  contaminants  from  reaching  the  n^tal^s  surface. 

In  spite  of  its  value  as  a  corrosion  fighter »  paint  will  do  more 
harm  than  good  if  It's  not  applied  correctly.    The  surface  to  be  painted 
must  be  clean^  dry»  and  free  from  corrosion*    Otherwise^  corrosion  will 
be  able  to  start  or  continue  its  destruction  beneath  the  paint  -  undetected* 

Check  (/)  the  true  statement(s)  below. 

 ^1.     Paint  does  nothing  more  than  Improve  the  appearance  of  the 

metal. 

2.     Paint  slows  down  electron  flow. 


3.     Painting  over  corrosion  will  keep  it  from  progresaing« 


Answers  to  frame  35;  1.        /     2.  3. 
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Frame  37 


Finally,  let's  take  a  quick  look  at  two  more  methods  of  prevention. 
Some  metals  are  specially  made  to  resist  corrosion.    An  example  is 
stainless  steel.    It  does  not  require  painting  for  protecfioti.  Other 
metals  that  do  not  require  painting  are  those  chemically  treated  to 
resiat  corrosion. 

Check  (/)  the  true  statementCs)  below, 

'  1.      Stainless  steel  must  be  painted  before  it  will  resist  corrosion, 

2,      All  metals  are  chemically  treated  to  resist  corrosion. 


Answers  to  frame  36: 
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Frame  38 

Unfortunately,  none  o£  these  methods  of  preventing  corrosion  are 
foolproof*    The  metal  might  have  beea  manufactured  incorrectly  or  its 
protective  coating  applied  poorly*    Stress  may  create  cracks  in  the 
iDetal  and  Its  protective  coating*    Perhaps  the  surface  will  not  be  kept 
thoroughly  clean.    The  only  protection  against  all  of  these  posslblli^ 
ties  is  inspection* 

Inspection  la  th«±  act  of  looking  over  cr  examining.    It  is  done 
in  order  to  determine  the  cottdition  of  parts  or  equipment.    By  itself^ 
inspection  cannot  cure  anything*    But  on  the  other  hand»  it's  impossible 
to  correct  a  corrosive  situation  if  you  don't  know  it  exists*    So  you 
can  see  that  Inspection  plays  an  important  part  in  preventing  and  con- 
trolling Corrosion* 

There  are  several  typed  of  officially-scheduled  inspections  for 
aircraft  (these  inspections  aren't  totally  concerned  with  corrosion^ 
many  other  types  of  problems  are  checked  for  also)*    You  may  take  part 
In  some  of  these*    But  even  if  you  don't^  make  small  inspections  of  your 
own.    Look  over  the  area  where  you  are  working  for  signs  of  corrosion* 

Check  (/)  the  true  statement(s)  below. 

1*      Since  official  Inspections  are  pulled^  there's  no  need  for 
you  to  do  any  inspecting  on  your  own* 

^  2*      Inspections  determine  the  condition  of  parts  and  equipment. 

3*      Inspection^  by  itself^  doesn't  stop  corrosion. 


Answers  to  frame  37:    1-  2x 
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Frame  39 


When  inspecting  £or  corrosion,  here  are  some  o£  the  signs  you 
yhould  look  for: 

In  almost  all  metals,  the  first  sign  will  be  a  powdery  residue 
on  the  surface  (aluminum  U  an  exception-its  first  indication  will 
be  a  dulling  of  the  normally  bright  surface  which  wUl  gradually  develop 
into  residue).    This  residue  is  what  remains  after  the  surplus  electrons 
have  passed  out  of  the  metal.    It  can  be  likened  to  the  ashes  that 
remain  after  a  fire.    Residue  wiU  be  white  or  gray  for  aluminum, 
reddish  brown  for  iron  or  steel,  and  green  for  brass  or  copper.  If 
detected  early  in  this  stage,  little  damage  will  have  been  done  other 
than  to  mar  the  appearance  of  the  surface. 

But  if  allowed  to  continue,  the  amount  of  residue  will  Increase 
as  the-  corrosion  penetrates  deeper  into  the  metal.    This  penetration 
is  called  etching  in  its  early  stages,  and  then  pitting  as  it  gets 
deeper  (see  figure  3).    Depending  upon  how  deep  it  gets,  pitting  can 
be  repaired.    However,  if  not  stopped,  pitting  will  continue  completely 
through  the  metal  causing  irreparable  damage. 


SURFACE 


Figure  3.    Cross  Sectional  View  of  Pitting  and 
Structural  Damage.    In  this  case,  structural 
damage  resulted  from  the  pitting  action. 


Answers  to  frame  38;    1.        ^     2*    ^' 
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563 

.    Frame  39  (ContM) 

Check  (/)  the  true  stat^mentCs)  below. 

I,      Pitting  cannot  be  repaired,  even  in  its  early  stages, 

1.     Minor  penetration  by  corrorion  is  called  etching. 

^3.      Residue  is  the  powdery  substance  that  remains  after  electrons 
have  passed  out  of  the  metal. 

4,  Residue  on  the  surface  of  steel  will  be  white  or  gray  in  color • 

5.  After  a  small  amount  of  damage,  pitting  will  stop  by  itself. 
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The  lasc  coplc  of  this  FT  covers  your  responsibilities  In  helping 
to  prevent  and  control  corrosion.    We  mentioned  one  of  th«m  Just  a 
moment  ago  when  talking  about  inspection*  but  It  will  bear  repeating. 

When  working  on  aircraft »  or  iny  type  o£  Air  Force  equipment  for 
that  matter*  take  time  to  inspect  the  Innuedlate  area*    Look  for  signs 
of  contamlnationt  corrosion,  and  structural  damage.    Likely  places  to 
find  contamination  and/or  corrosion  will  be  in  cracks  and  crevices 
where  two  pieces  of  metal  are  Joined  and  In  corners*    In  other  words* 
hard  to  reach  areas.    Likely  places  to  find  the  small  cracks  caused 
by  stress  will  be  on  the  surface  of  thin  metals »  along  welded  seams » 
and  around  joints. 

Check  (/)  the  true  statementCs)  below. 

 1*      Contamination  will  usually  be  found  in  hard  to  reach  places 

Such  as  cracks^  crevices »  and  comers. 


_2.      Structural  damage  is  likely  to  be  found  on  the  surface  of 
thin  metals*  along  welded  seams ^  and  around  joints* 


(Answers  to  frame  39:  1.        /     2.        /     3.  4.  5. 


Frame 

You  know  that  Inspection  by  itself  can't  cure  anything.    So  here's 
what  you  should  do  if  you  find  any  of  those  problems* 

Remove  all  deposits  of  contamination*    This  will  include  moisture, 
dirt,  soot,  salt,  metal  shavings,  excessive  grease  or  oil,  etc*  Like- 
wise, remove  all  small  deposits  of  corrosion  with  steel  wool^  a  steel 
brush,  or  a  metal  file*    When  doing  so^  be  sure  to  remove  the  corrosion 
completely* 

Although  both  of  these  operations  may  sound  rather  simple  to  you, 
the  procedure  for  them  can  be  very  complex  depending  upon  the  type  of 
metal  and  the  type  of  corrosion*    Therefore,  refer  to  an  appropriate 
technical  order  before  cleaning  a  component  or  removing  corrosion* 
TO  1-1-2  contains  general  information  and  instructions  for  every  type 
of  loetal  and  corrosion*    In  addition,  specific  instructions  for  each 
system  or  component  are  contained  in  the  Field  Maintenance  Instructions 
TO  (-2)  and  Overhaul  TO  (-3)  for  that  system  or  component* 

Check  (/)  the  true  3tatement(s)  below* 

1*      Remove  small  deposits  of  corrosion  with  steel  wool,  a  steel 
brush,  or  a  metal  file*  i 

 ^2*      TO  1-1-2  contains  specific  instructions  for  repairing  every 

system  or  component* 

 3*      Field  Maintenance  TOs  and  Overhaul  TOs  contain  specific 

instructions  for  each  system  or  component* 


Answers  to  frame  40:       /     1*       /  2. 
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Frame  42 


On  the  other  hand»  1£  you  find  evidence  of  structural  damage  and/or 
severe^  frequent^  or  unusual  corrosion^  do  not  attempt  to  repair  It 
yourself.    Instead »  report  It  on  the  appropriate  discrepancy  form*  For 
aircraft  this  will  be  the  AFTO  Forms  781*    The  title  of  this  form  Is  the 
•'Aircraft  Flight  Report  and  Maintenance  Record/*    After  you  report  the 
problem,  the  repair  work  will  be  done  by  corrosion  specialists* 

Check  (i/)  the  true  statemeatCs)  below* 

1*     You  shotild  repair  all  corrosion  personally* 

 2*     Report  jwccesslve  corroslcm  and  structural  damage  on  the 

"Aircraft  Flight  Report  and  Maintenance  Record"  (AFTO 
Forms  781)* 


) 


Answers  to  frame  41:        /     1.    _____  2.        /  3, 
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Fraae  43 

Perhaps  you  remember  that  cracks  caused  by  stress  are  doubly 
dangerous  because  they  tend  to  collect  contamination.    Well»  scratches 
in  metal  surfaces  also  tend  to  collect  contamination*    If  a  scratch 
penetrates  the  protective  coating  (painty  etc)»  corrosion  will  be  free 
to  attack  the  metals    Therefore »  be  careful  when  handling  tools  and 
equipment  capable  of  scratching  metal  surfaces*    In  the  same  manner^ 
your  job  may  require  you  to  climb  on  top  of  an  aircraft*    Before  doing 
so»  check  your  shoes  for  gravely  tacks^  etc»  that  might  scratch  its 
surface. 

Finally*  the  least  you  can  do  is  clean  up  after  yourself  before 
leaving  the  area* 

Check  (/)  the  true  statement(s)  below* 

 1*     Damage  from  any  scratch  is  too  minor  to  encourage  corrosion* 

2*      Take  your  shoes  off  before  getting  on  top  of  an  aircraft* 


Ji,      In  order  to  tell  components  apart*  it*s  okay  to  mark  them 
with  a  sharp  object* 

^4*      After  'completing  a  job*  always  clean  up^after  yourself. 


Answers  to  frame  42;  1. 
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Frame  44 

In  cPnclusioHt  w6  can  only  ask  you  to  always  be  aware  of  your 
reaponaibllitlea  in  the  area  of  corrosion.    Once  again,  they  are 
cleanlngt  inspecting,  repairing,  reporting,  and  following  TO  instruc 
tions.    All  of  this  will  take  extra  effort  on  your  part.    But  isn^t 
a  pilot*s  life  worth  a  little  extra  effort? 

NO  RESPONSE  REQUIRED 


Answers  co  frsme  43:  1. 


2. 


3.       /  4. 
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FOREWORD 


This  progrmnnted  text  was  prepared  for  use  in  the  Automatic  Flight 
Control  SyeteiDS  Specialist  Course  3ABR32S30"^1.    The  materials  contained 
herein  vere  validated  with  2$  students  from  the  subject  course.  At 
least  90%  of  the  students  achieved  the  objectives  as  stated  below* 
Average  time  for  completion  of  this  text  Is  89  minutes* 

OBJECTIVES 

1*     Without  reference*  identify  facts  concerning  maintenance 
fundamentals.    An  accuracy  of  702  is  required, 

a.     Aircraft  hardware, 

lUSTRUCTIOUS 

This  progrsmmsc  te^t  presents  information  In  small  steps  called 
'^frames,*'    Carefully  study  the  written  material  and/or  illustration 
in  each  frame  until  you  are  {:onfident  that  you  understand  the  contents 
of  the  frame.    You  will  be  required  to  respond  to  the  information  in 
each  frame  In  one  of  a  variety  of  ways.    Follow  the  Instructions  in 
each  frame.    Check  the  accuracy  of  your  response  at  the  bottom  of  the 
next  page.    If  any  of  your  answers  are  incorrect*  go  over  the  frame 
until  you  understand  why  you  made  the  error «  then  proceed  to  the  next 
frame,    Use  the  hardware  trainer  when  directed*  and  take  sufficient 
time  to  make  sure  that  you  understand  each  item, 

READ  VERY  CAREFULLY  J^TO  DO  HOT  HURRY, 


Supersedes  3ABR32530-1-PT-U1*  22  May  1973, 
OPR(    3360  TTG 
DISTRIBUTION:  X 

3360  TTG/TTGTC-W  Orj 


2 


Frame  1 


Host:  bolts  used  In  aircraft  structures  are  either  general  pur-^ 
pose,  Internal  wrenching,  or  close- tolerance  AN  (Airmy-Na^) ,  NAS 
(National  Aircraft  Standard),  or  MS  (Military  Standard)  bolts*  These 
bolts  are  made  of  aluminum  alloy  where  lightness-  Is  needed,  or  of 
steel  when  strength  ij  needed*    Perhaps,  before  going  any  further, 
you  should  have  an  understanding  of  a  few  tenss  which  may  appear 
throughout  this  text* 

Tension  is  the  amount  of  clamping  force  developed  in  a  bolt*  It 
acts  as  a  pressure  on  the  assembly  shown  in  B  below.    When  a  bolt  is 
tightened,  it  develops  a  ^^holding  together^'  (tension)  force  within 
the  bolt  and  a  pressure  on  the  assembly*    the  greater  the  tension,  the 
greater  the  ,*'holding  together*'  effect* 

Stress  is  a  force  exerted  upon  a  body  that  tends  to  strain  or 
deform  its  shape. 

Shearing  stress  is  the  action  or  force  causing  two  contacting 
parts  or  layers  to  slide  upon  each  other,  moving  apart  in  opposite 
directions  parallel  to  the  plane  of  their  contact. 

Tensile  strength  is  resistance  to  lengthwise  stress* 

Shear  strength  Is  the  opposite  from  tensile  strength  In  that'  it 
is  caused  by  a  push  or  pull  90*  from  the  axis;  whereas,  tensile  strength 
is  determined  by  a  pull  parallel  to  the  axis* 

Using  the  illustration  below,  identify  the  type  of  stress  applied 
to  each  bolt*. 


TbosIIc* 


Shear* 


the  arrows  show  the  direction  of  stress* 


Frame  2 


Three  general  types  of  bolts  are:    standard  aircraft  bolts»  clevis 
bolts»  and  eyebolts. 

Standard  aircraft  machine  bolts  are  all'-purpcse  structural  bolts 
used  for  general  applications  involving  tension  on  ':hear  loads*  Ihey 
may  be  either  cadmium-  or  zinc"plated»  noncorrosion  resistant  steel» 
or  anodized  aluminum.    These  bolts  may  not  be  drilled  or  they  may  have  a 
drilled  head  or  a  drilled  shank  only;  sometimes »  both  the  head  and 
shank  may  be  drilled. 


0 


STANDARD  AIRCRAFT  MACHmC  BOLT 

Place  a  T  for  true  or  an  F  for  false  In  the  space  provided. 

1.  Standard  aircraft  bolts  may  only  be  obtained  with  drilled 
heads. 

2.  Standard  aircraft  bolts  are  used  only  where  tension  is 
involved . 


ANSWERS  TO  FRAME  1:    Tensile     B    .      Shear    A  . 


90  ■ 
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Frame  3 


Drilled  head  bolts  are  similar  to  standard  aircraft  bolts  except 
for  a  deeper  head  that  is  drilled  to  receive  a  wire  which  is  used 
for  securing.    They  vere  originally  intended  for  use  as  engine  bolts. 


I 


Oftitm  HCA6  aotr 


Study  the  illustrations  above  and  become  familiar  vith  the  terms 
used  for  area  identification:    lengthy  grip»  and  diameter* 

Hatch' the  letters  in  the  illustration  to  the  correct  terms^ 


1. 

Diameter^ 

2. 

Length. 

3. 

Grip. 

4. 

Head  (Wrench 

Size) 

ANSWERS  TO  FRAME  2:       F    1.         T  2. 


m 

Frame  4 


Close-tolerance  hex  head  bolts  are  used  where  the  bolted  joint  Is 
subject  to  severe  load  reversals  and  vibration*    The  shank  of  this  type 
of  bolt  has  a  tolerance  which  permits  a  very  close  fit  with  the  use 
of  reamers^  otherwise,  they  are  identical  to  the  standard  hex  head 
bolts*    These  bolts  are  available  as  tensile  bolts  with  drilled  heads 
or  drilled  shanks  and  as  shear  bolts  with  or  without  a  cotter  pin  hole* 


..Indicate  if  the  following  statements  are  TRUE  or  FALSE  by  placing 
a  T  or  an  F  In  each  space  provided* 

 ^1*      The  use  of  close-tolerance  bolts  might  require  the  use  of 

reamers  to  provide  a  very  close  fit* 

 2*     The  amount  of  vibration  is  not  a  determinant  in  using  a 

close-^ tolerance  bolt* 

ANSWERS  TO  FRAME  3!    1*      a    ,    2*      c    ,    3*      b    .    4*  e 


HEX  HEAD,  CLOSE^TOLERAKCE  TENSILE  BOLT 


CLOSE-TOLERAKCE  SHEAR  BOI,T 


6 


Frame  5 

ft 

Clevis  bolts  are  used  In  applications  subject  to  shearing  stress 
only,  such  as  shown  in  the  illustration  to  the  left  below,  where  the 
force  exerted  on  the  bolt  itself  is  crosswise  on  the  shank.  Clevis 
bolts  are  also  used  as  stechanical  pins  in  control  sys  terns « 


Circle  the  letter  that  identifies  the  correct  answer  for  the 
following  question. 

What  bolt  is  used  where  shear  strength  is  needed? 

a*     Plain  head  aircraf-  bolt» 

b«     Drilled  head  aircraft  bolt* 

c«      Clevis  bolt« 

d*  Eyebolt* 

ANSWERS  TO  FRAME  4:       XI'*       F  2> 
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5^b  ^ 

Frame  6 


ment 
shackle* 


Evebolts  are  used  to  carry  external  tension  loads  for  the  attach- 
oflevices;  such  as.  the  fork  of  a  tarnfaackle.  a  clevis,  or  a  cable 


No  Response  Required 


AMSWER  TO  FRAME  5;   


2?  3 
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Frame  7 


Internal  wrenching  bolts  are  Klgh  strength  ste^l  bolts  used 
priinarily  in  tension  applications*    Either  the  bolt  hole  must  be 
countersunk  to  seat  the  larger  corner  radius  of  the  shank  at  the  head, 
or  a  special  heat-treated  washer  must  be  used  to  fit  the  head  and  to 
provide  adequate  bearing  area*    A  special  plain  washer,  also  heat- 
treated,  is  used  under  the  nut  which  is  also  a  special  nut  for  use 
with  these  bolts* 


The  external  wrenching  bolt>  which  is  a  non-standard  bolt*  has  a 
12-po±nt  head*    This  bolt  has  greater  fatigue  resistance,  tensile 
strength,  and  ductility  than  conventional  bolts. 


Indicate  if  the  following  statements  are  TRUE  or  FALSE  by  placing 
a  T  or  an  F  in  each  apace  provided* 

 1,     An  external  wrenching  bolt  is  stronger  than  &  conventional 

bolt* 

2.     An  internal  wrenching  bolt  may  be  used  with  any  type  of  nut- 


ANSWER  TO  FRAME  6:    No  Response  Required 


Frame  8 

Match  the  lUustrations  shown  below  to  their  correct  names  listed 
in  the  column  on  the  right. 


1. 


2. 


m 


a*     Standard  aircraft 
bolt* 

b*  Eyebolt* 

c.     External  wrenching 
bolt* 

d*     Clevis  bolt* 


3. 


o 


110 


4. 


ANSWER  TO  FRAME  7l       T    l.>       ^  2. 
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Frame  9 


Bolts  are  marked  with  a  code  to  Identify  their  physical  character- 
istics and  materials.    Steel  alloy  bolts  are  marked  vlf:h  an  asterisk 
with  letters  from  A  to  Z»  or  numbers  from  0  to  9»  or  any  combination  of 
letters*  numbers,  and  an  asterisk. 


EH  H  65 


Aluminum  alloy  bolts  ar^  marked  with  raised  or  recessed  dashes  on 
opposite  sides  of  the  bolt  head. 


Steel  and  aluminum  alloy  close-tolerance  bolts  are  Identified 
by  a  raised  or  recessed  triangle  on  top  of  the  head. 

Corrosion  resistant  steel  bolts  are  Identified  by  a  single  raised 
or  recessed  dash  on  top  of  the  head. 


oo 


STUL  aotr 


Some  bolts  may  have  a  combination  of  materials  or  other  character- 
istics and  are  identified  as  shown  below. 


Hatch  each  bolt  plctiired  to  Its  word  description. 
1.     Close  tolerance  altimlnum  alloy  bolt. 


a. 


2,      Steel  bolt  (alloy). 


b. 


3.      Corrosion  resistant  steel  bolt. 


4.     Aluminum  alloy  bolt. 


5.      Close  tolerance  bolt. 


c. 


d.^ 


e. 


f. 


ANSWER  TO  FRAME  8:  1. 


2.  a 


3. 


4. 


11 
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Frame  10 

Screws  are  the  most  common  type  of  threaded  fasteners  used  on 
aircraft.    They  differ  from  bolts  mainly  by  having  a  lower  material 
strength*  a  looser  thread  flt»  and  shanks  threaded  along  their  entire 
length.    The  different  types  of  screws  have  various  types  of  slots 
or  recesses^  and  each  type  requires  a  particular  t3rpe  of  screwdriver. 
For  proper  performance  and  to  prevent  mutilation  of  the  screw  head  and 
the  screwdriver  always  use  the  proper  type  of  screwdriver* 

Of  the  four  main  groups  of  screws »  the  two  which  we  are  primarily 
concerned  with  are  machine  screws  and  self*tappltig  screws. 

No  Response  Required 


ANSWERS  TO  FRAME  9:    1,      d         2.      c         3.      e        4.      b         5,  a 
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331 

Frame  11 


?lathead  machine  screws  are  used  in  r*ountersunk  holes  where  a 
flush  surface  is  desired*    These  screws  have  various  types  of  recesses, 
±*Q*f  slots  and  crosspoints ,  such  as  Phillips  and  Reed  and  Prince* 


General  purpose  roundhead  machine  screws »  like  flathead  machine 
screws^  are  manufactured  from  different  materials;  such  as  carbon 
steel*  corrosion-resistant  steely  alinnlnuQ  alloy»  and  brass*  These 
screws  have  coarse  or  fine  threads  and  slotted  or  recessed  heads. 
Brass  roundhead  machine  screws  with  slotted  heads  are  intended  for 
electrical  use  only* 


Answer  the  following  questions  either  by  supplying  the  information 
required  or  by  indicating  T  for  true  or  F  for  false* 


1.      A  flAthead  machine  screw  is  used  In  a 
a  flush  surface  is  required* 


hole  where 


2.      A  brass  roundhead  machine  screw  Is  designed  for  general  purpose 
use* 


ANSWERS  XO  FRAME  10:    No  Response  Required 
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'"^  Frame  12 

Fillister  head  machine  screws,  shown  in  the  illustration,  are  used 
as  general  purpose  screws  and  also  as  cap  screws  in  light  mechanics* 
The  heads  are  usually  drilled  to  accept  safety  wire*    Fillister  head 
screws  are  available  in  steel  and  brass  with  coarse  or  fine  threads* 


(D  i^m  (0  iiiiiiiiiiiiiiiii 


WASHER  HEAO  SCREW 


The  washer  head  screw,  while  not  a  machine  screw,  is  often  used  In 
the  same  manner  as  structural  bolts  and  rivets  in  the  primary  structure 
of  aircraft*  These  screws  have  a  high  tensile  strength  and  differ  from 
structural  belts  only  in  the  type  of  head* 

Circle  the  letter  of  the  correct  completion  to  the  statement  below* 

The  type  of  screw  which  has  a  drilled  head  to  accept  safety-wire 
is  the 

a*      washer  head  screw* 

b*      flathead  machine  screw* 

c*      fillister  head  machine  screw* 

d*      roundhead  machine  screw* 


ANSWERS  TO  FRAME  11:    1*  countersunk. 


F  2* 
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Frame  13 

Self-tapping  screws  tap  their  own  mating  threads  when  driven  into 
untapped  or  punched  holes  slightly  smaller  than  the  outside  diameter 
of  the  screw  itself. 


Self-tapping  sheet  metal  screws  axe  used  for  such  purposes  as  tem- 
porarily attaching  sheet  metal  for  riveting  ani  for  permanent  assembly 
of  nonstructural  assemblies  located  in  blind  areas.    Sheet  m»tal  screws 
are  hardened  for  use  on  steel  or  aluminum  sheets »  but  may  be  used  on 
plastic  also. 


e 


mwm 


IN  DRItt£D 
OR  CLEAN 
PUNCHED 


IN  PIERCE 

PUNCHED 

HOLES 


(N  CUT 

COUNTERSUNK 
HOUS 


IN  CASTINGS 
PLASTICS. 

ETC. 


IN  CLEARANCE 
HOLES  OF 
LINE  CLAMPS, 
FA1RLEADS,  ETQ 


(/f/119  Sh^mt  Attfo/  Screws 


Indicate  If  each-of  the  following  statements  Is  TRUE  or  FALSE  by 
placing  a  T  or  an  F  in  the  space  provided. 


1. 


2. 


In  a  permanent  installation^  sheet  metal  screws  must  be 
used  in  tapped  holes  or  with  self-*locking  nuts. 

Self-tapping  screws  are  usually  driven  into  the  hole  by  using 
a  hammer. 


ANSWER  TO  FRAME  12:   c 
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Frame  14 


Drive  screws  are  self-tapping  screws  used  to  attach  nameplates  to 
castings  and  to  seal  drain  holes  in  tubular  structures.    They  differ 
from  other  self*tapping  screws  in  that  the  heads  are  not  fortaed  to  fit 
screwdrivers^  and  they  are  not  Intended  to  be  removed  after  installa- 
tion.   Drive  screws  are  installed  by  driving  the  screw  into  a  drilled 
hole  with  a  hammer.  ^ 


ROUHDHEAO  DRIVE  SCREW 

Circle  the  letter  of  the  correct  completion  to  the  following' 
statement. 

The  correct  letter  for  Installing  a  drive  screw  is  a 


a. 


FhUlips  screwdriver. 


Reed  and  Frlnce  screwdriver. 


c. 


common  screwdriver. 


hammer. 


ANSWER  TO  FRAME  13: 


V  1 


F  2. 
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names. 


Frame  13 

llslag  the  Illustrations  below,  match  the  screws  to  their  correct 
1.     Machine  screw,  flathead. 


a?5 


2.     Machine  screw, 
fillister  head. 


3.  Self-'tapping  sheet  metal 
screw. 

4.  Drive  screw. 


ANSWER  TO  FRAME  14:  d 
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Frame  16 


Fasteners  are  used  on  aircraft  access  panels,  plates,  doors, 
covling  (engine  covering),  etc.  where  quick  or  frequent  access  is  neces- 
sary in  performing  maintenance,  servicing,  or  inspecting  components.. 
The  two  types  of  fasteners  we  will  cover  heare  are  turnlock  (D2us  and 
Airlock)  and  camlock  fasteners^    One-quarter  of  a  turn  locks  or  unlocks 
these  fasteners^ 

Turnlock  fasteners  (see  -f Xlustration  **A")  are. not  designed  to  carry 
primary  structural  stress  so  ^j:iey  are  used  on  cowling  (engine  covering) 
and  access  doors* 

Camlock  fasteners  (see  illustration  "B")  are  of  relatively  high 
strength  and  they  are  used  in  some  areas  on  structural  access  panels 
and  doors. 


Circle  the  letter  of  each  correct  statement* 

a«      Fasteners  are  used  where  frequent  and  quick  accesses  are 
required* 

b.      Turnlock  fasteners  can  carry  high  structural  stresses. 
ANSWERS  TO  FRAME  15:    1*      c         2*      b         3.      d        4*  a 


TUR»«LOCK  fASTEHEH 


"a" 
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Frame  17 

Circle  the  letter  that  identifies  the  correct  answer  to  each  of 
the  following  questions. 

1.  What  type  of  screw  is  used  to  attach  panels  to  aircraft 
where  there  is  a  threaded  bole  in  the  aircraft? 

a.  Machine  screw. 

b.  Drive  screw. 

c.  Sheet  metal  screw. 

d.  Crosspolnt  screw. 

2.  The  type  of  machine  screw  which  has  a  drilled  head  for 
securing  safety  wire  is  the 

a.  flathead  machine  screw. 

b.  washer  head  structural  screw. 

c.  round  head  machine  screw. 

d.  5111i5r:er  head  machine  screw. 

3.  For  quick  access ^  panels »  cowlings  and  plates  are  secured 
to  the  aircraft  with 

a.  flathead  machine  screws. 

b.  sheet  metal  screws. 

c.  fasteners. 

d.  fillister  head  machine  screws. 

4.  A  screw  that  has  high  \.ensile  strength  and  is  used  in  the 
primary  structure  of  aircraft  is  the 

a.  sheet  metal  screw. 

b.  drive  screw. 

c.  crosspolnt  screw. 

d.  washer  head  screw. 

AltSWER  TO  FRAME  16:  a 
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'  Frame  IS 


The  more  cammon  forms  of  screw  threads  are  known  as  natiooaX  coarse 
series,  national  fine  series,  national  extra  fine  series,  and  American 
national  taper  pipe  threads.    Screw  threads  are  also  classified  according 
to  fit;  I.e.,  Class  1  (loose  fit).  Class  2  (free  fit).  Class  3  (medium 
fit)  which  is  generally  employed  in  aircraft  construction,  and  Class  4 
(close  fit).    Threads  are  generally  designated  by  symbols  according  to 
their  type  and  fit,  such  as  NC-2  (National  coarse  free  fit).    Right  and 
left  hand  threads  are  designated  by  RH  and  LH. 

Screw  Thread  Forms. 

I  MA  JO  ft  OtAMCTCft 


0  NATIONAL  SCREW  THREAD 


©NATIONAL  PIPE  THREAD 


Circle  the  letter  of  each  correct  statement  below* 

a*     A  scr&r  with  national  corase  threads  and  classified  as 
^'medium  fit'*  is  used  in  aircraft  construction. 

b*     Class  4  threads  fit  very  loosely* 

c*     No  series  of  national  threads  are  available  in  left  hand 
screw  threads* 

ANSWERS  TO  FRAME  17:    1*    a         2.    d         3.    c         4*  d 

31.  ' 
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Frame  19 


Plain  nuts  are  nonself-locklng.    When  nonself-locking  nuts  are 
used  they  are  locked  with  an  au^Elllary  locking  device  such  as  a  check- 
nut  or  lockwasher.    Checknuts  are  shown  in  the  illustration  below. 


A  checknut  (Pal  nut»  Jam  nut)  is  a  plain  nonself-locking  nut  used 
for  locking  another  nonself-locking  plain  nut.    They  are  also  used  as 
locking  devices  for  setscrews  and  threaded  rod  ends,    two  applications 
of  checknuts  are  shown  in  the  illustrations  above  and  below  using  plain 
nonself-locking  nuts. 


Check  each  true  statement  below, 

 1,     An  alternate  method  of  locking  (safetying)  a  nonself-locking 

plain  nut  is  through  the  use  of  safety  wire. 

 2,     A  checknut  may  be  smaller  than  the  plain  nut  that  it  is 

going  to  lock, 

ANSWER  TO  FRAME  18:  a 


21  31^ 


Frame  20 

Castle  nuts  are  used  with  drilled  shanks^  hexhead  bolts*  clevis 
bolts »  and  drilled  studs.    These  nuts  are  designed  to  be  secured 
with  cotter  pins  or  safety  wire.    The  multiple  slot  arrangement  per** 
mlts  proper  adjustment  of  tension  with  the  correct  alignment  of  slots 
and  holes.    The  illustration  below  shows  the  ^proper  installation  of  a 
cotter  pin  to  secure  a  castle  nut.    The  shear  nuts»  shown  below»  are 
also  designed  for  use  with  drilled  clevis  bolts  and  threaded  taper 
pins  which  are  normaXly  subjected  to  shearing  stress  instead  of  tension^ 
as  in  the  case  of  castle  nuts  previously  mentioned.    A  shear  out  has 
appro^cimately  three  complete  threads  below  the  castellations  and  can  be 
identified  easily  because  of  its  thinness.    Shear  nuts  are  also  available 


in  the  self-locklng  style. 


^^'^  ^  1  3NEA»  NOT 

Safetying  by  Use 
of  Cotter  Pins. 

The  wingnut  shown  below  is  used  whel*e  the  desired  tightness  is 
obtained  by  the  use  of  the  fingers  and  where  the  assembly  is  frequently 
removed.    When  safetying  of  this  nut  is  required^  a  hole  is  drilled 
through  one  of  the  '^wlngs**  (see  Illustration)  and  secured  with  safety 
wire. 


WINO  NOT 

Check  each  true  statement  below. 

1.  The  correct  use  for  a  castle  nut  is  with  a  drilled  head 
bolt. 

2.  A  shear  nut  is  most  generally  used  with  a  clevis  bolt. 

3.  Hing  nuts  are  used  where  the  desired  tightness  is  obtained 
by  the  use  of  the  fingers. 


ANSWER  TO  FRAME  19:   1.,        /  2. 
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Frame  21 


Honmetallic  type  self-locking  nuts  have  a  nylon  Insert  of  smaller 
Inside  diameter  thaa  the  major  diameter  o£  the  bolt.    The  nylon  exerts 
a  compressive  locking  £orce  against  the  bolt«  as  illustrated  in  the 
diagram  below. 

■ 


J  THREADED  NUT  CORE 

2  NUT  CASE 

3  KEYWtfT 

4  lOCKIfIG  SHOUtOER 


As  may  well  be  egcgected^  nonmetalllc  insert  self-locking  nuta  can- 
not be  subjected  to  temperatures  in  excess  of  250  degrees  Fahrenheit. 
As  shown  In  the  diagram  below^  self^locklng  nuts  are  available  In 
thick  or  thin  styles*  ^ 


SetF  UOCKfNO  HUTS 

Metal  self-locking  nuts«  which  are  similar  to  nonmetalllc  sel£*- 
locking  nuts  CTcept  for  the  type  of  insert,  are  used  where  temperatures 
are  extremely  high  (3060*  F,  exhaust  section  of  a  jet  engine)  and  where 
nonmetalllc  self-locking  nuts  cannot  be  used.    The  all  metal  self* 
locking  nut  has  threads  out  of  phase  or  pinched  in  at  the  top  to  bind 
the  bolt  and  maintain  tightness. 

If  a  self-*locfcing  nut  can  be  run  down  vlth  the  fingers,  after  the 
locking  feature  engages  the  bolt  or  stud»  it  indicates  that  the  locking 
friction\does  not  exist  and  the  nut  should  be  replaced. 

Circle  the  letter  of  the  correct  answer  to  the  following  statement. 

The  type  of  nut  which  must  not  be  used  in  applications  where  the 
temperature  is  above  250^  F  is  the 

a.  castle  nut. 

b.  all  metal  self^locklng  nut. 

c.  nonmetalllc  self-locking  nut. 

d.  plain  nut* 

ANSWERS  TO  FRAME  20:   1*>        /  2., 

23 


/  3. 
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Frame  22 

Match  the  descriptions  on  the 

1>     NonmetaXllc  self- 
locklng  nut* 

 2*     Castle  nut* 

 3*     All  metal  self- 
nut* 

 4*      Plain  nut* 


right  with  the  names  on  the  left* 

a*      Has  slots  at  the  top  to  be 
used  with  drilled  bolts  with 
a  cotter  pin  to  maintain  Its 
position* 

b*     Has  threads  out  of  phase  or 
pinched  in  at  the  top  to  bind 
on  the  bolt  and  maintain 
tightness* 

c*     Requires  an  auxiliary  locking 
device^  such  as  a  checknut 
or  lockwasher* 

d*      *ias  a  nylon  insert  at  the 
top  to  bind  on  the  bolt  and 
maintain  tightness* 


AHSWERS  TO  FRAME  21:  c 
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Frame  23 


Plate  nuts  ara  used  for  blind  mounting  in  Inaccessible  locations 
and  for  easier  maintenance.    They  can  be  either  self-locking  or  plain. 
They  are  available  in  a  wide  range  of  sizes  and  shapes.    One  lug,  two 
lugs,  and  right-angle  shapes  are  available  to  acconmiodate  the  require- 
ments of  the  individual  nut  location.    Floating-type  nuts  provide  a 
controlled  amount  of  niit  niovemisiit  to  compensate  for  subassembly 
misalignment t 


Plate  Hut  Instrument 
Panel 


Gang  channel  nuts  are  used  in  applications ' requiring  anchored  nuts 
equally  spaced  around  openings  such  as  access  and  inspection  doors  and 
removable  leading  edges.    Straight  or  curved  channel  strips  offer  a 
wide  range  of  nut  spacings  and  provide  a  multiple  nut  unit  that  has 
all  advantages  of  float-type  nuts*    They  are  usually  self-locking. 


NUT 


Check  each  true  statement,  ^ 
1.     Plate  nuts  are  used  for  mountings  that  are  easy  to  reach< 


2.  A  float-type  nut  has  some  movement  to  compensate  for 
misalignment  of  subassemblies. 

3,  Gang  channel  nuts  are  anchored  and  equally  spaced. 


ANSWERS  TO  FRAME  22:    1,    d        2*    a         3,  b 
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Frame  24 


Tlnnenuaii  mounting  auts  are  used  primarily  for  front  mounting  of 
aircraft  components*    However^  the  nuts  may  be  Inserted  In  the  Instru- 
ment for  rear  mounting  (see  Illustration  *'B'*)*    The  nut  Is  made  of 
nonmaga^tlc  material  and  Is  used  with  a  standard  component  mounting 
screw  sl2e  6-32  only*    The  names  of  the  various  parts  of  the  nut  are 
shown  In  illustration  *'A"«    There  are  several  ohank  lengths  to  fit 
the  different  panels  and  bezel  thicknesses.    Illustraticns  **C*'  through 
"F"  show  the  Installation  of  the  nut  in  the  instrument  panel. 


•  Frame  24  (Cont'd)  5^^' 

Circle  the  letter  of  each  correct  statement* 

a*     Tinnerman  mounting  nuts  come  in  several  sizes* 

b.     Tinnerman  mounting  nuts  can  be  used  on  front-bezel  mounted 
instrtunents  only* 

c*     Tinnerman  mounting  nuts  are  available  in  several  different 
shank  lengths* 

d*     Tinnerman  mounting  nuts  that  are  attached  to  the  component 
would  require  tlie  instrument  to  be  rear-bezel  moilnted* 


Frame  25 


The  types  of  washers  used  in  aircraft  structures  are  plain 
vasherst  lockwashers>  and  special  washers. 

Plain  washers  are  used  under  nuts  to  provide  a  smooth  bearing 
surface  to  act  as  shims  in  obtaining  the  correct  relationship  between 
the  threads  of  the  bolt  and  nut,  and  in  adjusting  the  position  of 
castellated  nuts  with  respect  to  drilled  cotter  pin  holes  in  bolts* 
They  are  also  used  under  lockwashers  to  prevent  damage  to  surfaces  of 
soft  material* 


Circle  the  letters  of  the  correct  answers  to  the  following 
statement* 

Plain  washers  are  used  under  nuts  to 

a.     prevent  a  galvanic  action  from  dissimilar  metals* 

b*     provide  a  smooth  bearing  surface* 

c*     prevent  loosening  of  threaded  fasteners* 

d*     act  as  shims  between  the  threads  of  bolts  and  nuts* 

ANSWERS  TO  FRAME  24;    c»  d 


TMICXNESS 
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Fr^e  26 


liockwashers  are  used  with  plain  nuts  when  self-Xocking  or 
castellated  t3rpe  nuts  are  not  applicable.    The  spring  action  of  the 
washer  prevents  the  nut  from  working  loose.    Lockwashers  are  not  to  be 
used  on  prlmriry  structures,  secondary  structures,  superstructures,  or 
accessories  where  failure  might  result  in  damage  or  danger  to  aircraft 
or  personnel.    The- following  diagram  shows  a  t3rpical  example  of 
lockwashers . 


Choose  the  letter  of  the  correct  answer  for  the  following 
statement. 

Lockwashers  are  used  with  plain  nuts 

a.  when  self-locking  or  castellated  t3rpe  nuts  are  not  applicable. 

b.  on  prlj&ary  and  secondary  structures. 

c.  on  soft  met^s  without  plain  washers, 
d*      on  exposed  surfaces  subject  to  airflow* 


LOCKWASHER 


ANSWERS  TO  FRAME  2S:    b,  d 
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Frame  27 


Other  types  of  locktrashers  may  have  Internal  teeth  or  external  teeth* 
as  ^hoim  here.    The  teeth  are  twisted  slightly  so  as  to  provide  a  locking 
effect  when  tightened  down. 


-If-  THICKNESS 


IHSIOC 
DtAMETER 

a 


OUTSIOE 

DiAMercA 


mstoe 
DiAMcreR 


OUTSIDE 
DIAMETER 


-TH1CKKESS 


tNTEflNAL  TEITH 


CXTEItKAL  TEETH 


lOCKWASHER 


There  are  many  types  and  varieties  of  special  washers*    Some  special 
washers  are  Illustrated  In  the  diagrams.    They  are  finishing  washers* 
phenolic  fiber  washers*  tab  type  washers*  etc* 


*  IKS(DE  r 
DIAMETER 


FLAT,  PH£H0L1C  FIBER  WASHER 


The  tab  washer  Is  used  where  vibrations  might  tend  to  loosen  a 
nut  from  a  bolt.    The  bolt  would  have  a  slot  cut  Into  It  for  tab  A* 
shown  In  the  figure*  to  slide  into*    After  the  nut  Is  tightened,  one 
or  more  of  the  tabs  (B)  are  bent  back  against  the  sides  of  the  nut  which 


TAB  TYPE  WASHER 
llo  Response  Required 

ANSWER  TO  FRAME  26;    a  3C\* 


Frame  28 

Cotter  pins  are  used  to  secure  bolts*  screws*  nuts»  pins»  and  in 
other  applications  where  such  securing  is  required*    A  cotter  pin  is  a 
**split'*  metal  pin  which  Is  inserted  in  a  hole  and  then  spread  apart ,  one 
half  each  way.    Their  use  is  favorable  becatise  they  can  be  removed 
and  installed  quickly.    They  are  available  in  lengths  from  3/16  inch 
to  4  inches,  with  diameters  from  .031  inch  to  *250  inch.    The  diameter 
selected  for  an  application  should.be  the  largest  size  that  will  fit 
the  cotter  pin  hole  and/or  the  slots  in  the  nut.    The  following  diagrams 
show  some  of  the  different  types  of  cotter  pins  and  methods  of  securing 
with  cotter  pins* 


Circle  the  letter  in  front  of  the  correct  answer  to  the  following 
question. 

What  is  the  purpose  of  the  cotter  pin  Installed  as  shown  in  the 
diagram  below? 

a.      To  keep  the  nut  from  wobbling 
and  thereby  ruining  the  nut 
threads. 


b*      To  bold  the  bolt  in  place. 

c.  To  keep  the 'nut  from  damaging 
the  bolt  threads* 

d.  To  keep  the  nut  from  loosening. 
ANSWER  TO  FRAME  27;    No  Response  Required 
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Frame  29 


The  ttirnbuckle  la  a  device  used  to  adjust  the  tension  on  air*^ 
craft  cables*    It  consists  of  a  brass  barrel  with  right  hand  threads 
on  one  end  and  left  hand  threads  on  the  other«  and  a  bolt  type  de-* 
vice  scret/ed  into  each  end*    The  three  types  of  tumbuckle  ends  ar& 
known  as  fork«  pin  eye«  and  cable  eye*    These  parts  are  shown  below. 
Take  a  look  at  them*    With  the  left  and  right  hand  threads  in  the 
barrel^  turning  the  barrel  one  way  will  tighten  both  ends  and  the 
other  way  will  ''oosen  both  ends* 


BARREL 


-mm  -  -isi— 


FORK 


PIN  EY£ 


CABLE  ey£ 


Match  the  letters  in  the  illustration  to  their  correct  names  on  the 
left* 


J..  Barrel* 
2,      Fork  end,  _x 


3.      Cable  eye  end* 


Circle  the  letter  that  identifies  the  correct  answer, 
4,     What  is  the  designed  use  of  a  tumbuckle? 

a*     Holds  two  pieced  of  metal  securely  together. 
b»     Used  to  safety  a  cable  connection, 

c.  To  determine  if  a  bolt  has  left  or  right  hand  threads, 

d.  Used  to  adjust  cable  tension* 


Answer  to  Frame  28:    1*    d,  '^J  O  ^ 
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Frame  30 


Flexible  hose  and  flexible  hose  assemblies  are  used  when  there 
Is  an  excessive  amount  of  vibration*    They  are  also  used  when  the 
unit  they  connect  to  moves  during  flight* 

Flexible  hose  is  mariced  with  a  series  of  dots  and  dashes  and 
letters  (as  shown  below)  .    These  markings  are  used  for  Identification* 
The  markings  are  color  coded  to  show  different  types  of  hose*  The 
markings  on  the  hose  show  several  things:    manufacturer »  the  mill* 
tary  specification,  the  size,  and  the  date  of  inanufacture*    The  size 
of  the  hose  is  the  Inside  diameter  measured  In  sixteenths  of  an  Inch. 
The  manufacture  date  is  shown  by  the  quarter  of  the  year  and  the 
year  the  hose  was  made* 


fl€0  NUMEHM-S,  t£TT£PS  MO  STWPe 


0 


YEtLOW  NUMEMLS.  LETTERS  ANO  STTItPE 
mOT  HSAT  REStSTAHV 


WHITE  NUMERIUS.  UETTCftS  ANO  STftlPC 


RED- 


C=3C 


tVICWS  SH0W1N6  OPPOSITE  StOES  OF  HOSC) 


m  ItESFONSE  REQUIRED 


Answers  to  Frame  29:       b    1,     c  2,     a    3.    4,  d. 
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Frame  31 


Like  the  flexible  hose,  tubing  Is  measured  In  sixteenths  of  an 
Inch,    However,  tubing  is  measured  on  the  outside  diameter.    It  a 
tubing  is  1/2  inch  in  dlaii«ter  it  would  be  referred  to  as  a  nuniber 
8  tubing.    This  is  because  1/2  Inch  Is  8  sixteenths  of  an  Inch. 
Tubing  size  varies  from  1/8  Inch  to  2  1/4  inches.    This  Is  shown 
as  a  nuniber  2  to  a  nuniber  36. 


Is  the  following  statement  TRUE  or  FALSEt 

 1,     A  number  6  fitting  would  be  used  with  3/8  inch  OD  tubing. 


Answer  to  Frame  30:    None  required, 

34 


Frame  32  303 


The  tubing  most  commonly used  In  aircraft  systems  Is  made  of 
aluminum  alloy*    Aluminum  tubing  is  light  and  can  be  formed  and  bent 
easily;  therefore^  care  must  be  taken  In  handling  it  so  that  it 
will  not  be  damaged.    Corrosion  resistant  steel  tubing,  which  is 
stronger  but  not  as  easily  formed^  is  often  used  on  hydraulic  systems 
operating  at  3000  psl  or  hlghter* 

Tubing  size  is  determined  by  measuring  the  outside  diameter  (OD) 
In  sixteenths  of  an  Inch.    The  top  half  of  the  fraction  Is  the  tubing 
size  nu2d>er.    Example:    A  1  Inch  OD  tube  is  called  number  16  tubing. 
1**  -  16/16ths  -  #16  tubing.    7/8  Inch  tubing  is  nunier  14  tubing 
7/8"  -  '14/16ths  -  9U  tubing. 

Hatch  each  size  tubing  on  the  left  with  the  outside  diameter  measure- 
ments on  the  right. 


1. 

Number  4  tubing. 

a. 

5/8" 

OD. 

2. 

Number  6  tubing. 

b. 

1/4" 

OD. 

3. 

Hunber  8  tubing. 

c. 

1/2" 

OD. 

4. 

Nuntoer  10  tubing. 

d. 

3/4" 

OD. 

5. 

Number  12  tubing. 

e. 

3/8" 

OD. 

Hatch  the  outside  diameter  measurements  on  the  left  Jtrlth  the  appropriate 
tubing  sizes  on  the  right.    Always  record  your  answers. 


Frame  33 


1. 


1  1/2*'  OD  tubing. 


Iluiiiber  1  1/2  tubing. 


2. 


1  1/4*'  OD  tubing. 


b. 


Ilumber  16  tubing. 


c. 


Ilumber  11/4  tubing. 


Ilumber  20  tubing. 


e. 


Number  24  tubing. 


Answer  to  Frame  31:  TIOJE 
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Frame  34 


The  size  o£  a  fitting  is  determined  by  the  outside  diameter  of 
the  tubing  to  which  it  connects* 

The  Air  Force  uses  two  types  of  fittings  with  tubing;  AN  FLARE 
fittings,  and  MS  FLABELESS  fittings*    AN  fittings  have  a  sleeve  with 
a  beveled  edge  to  fit  the  flare  of  the  tubing  and  to  form  a  seal  when 
the  tubing  nut  is  drawn  tight*    Tubing  used  with  WS  fittings  is  not 
flared*   When  the  tubing  nut  is  tightened  on  an  MS  fitting  the  sleeve 
is  wedged  between  the  tubing  and  the  fitting  to  form  a  seal*  The 
torque  on  MS  fittings  is  critical*    Too  much  torque  will  cause  them 
to  leak« 

Hatch  the  two  illustrations  with  the  correct  nomenclature* 
 1*^    AN  fitting* 


2*     MS  fitting* 


Select  the  correct  answer  for  each  of  the  folloving  items* 


3.  What 

type  fitting  is  used  with  tubing  that  is  not  flared? 

a* 

AN  fitting* 

b* 

MS  fitting* 

c* 

Both* 

d* 

Neither* 

4*  What 

type  fitting  is  used  with  flared  tubing? 

a. 

AN  fitting* 

b* 

MS  fitting* 

c* 

Both* 

d. 

Neither  * 

Answers  to  Frame  32:  _b  1.  e  2.  _jc__3.  a  4.  d  5. 
Answers  to  Frame  33:       e    1.       d   2 . 

36 


Frame  34  (Ccmt'd)  305" 


Match  the  lUuatratlons  with  the  correct  uses 
 5.     Used  vrtiea  tubing  Is  not  flared. 

6.     Coimecta  different  sized  tubing. 
 T.     Used  with  flared  tubing. 

8.      Connects  two  tubes  of  the  same  size 


Frame  35 


Fl«ln.  type,  and  «.«rlal  -^"««^Jttl'ilc"'S;«i^^°?lt- 

tings  are  gray  uj-  ^^h**  /  <:^»a1  fittlnzs  are  used  for 

These  fittings  are  not  ;ir  ^  hoJd     AN  fittings 

hlBh  pressure  where  aluminum  fittings  wll^  not  ,  tSine 

3  Lve  flared  tubing  while  MS  fittings  will  not  fit  flared  tubing. 

Match  the  identifying  color  with  each  type  fitting. 

 1.  MS  aluminum  fitting.         a.     Dark  yellow. 

2.  AN  aluminum  fitting. 

 3.  MS  steel  fitting. 

4,  AN  steel  fitting. 


b. 
c. 

d. 

e. 


Blue. 

Gray  or  light  yellow. 
Silver. 
Black. 
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Framft  36 

Hatch  the  Information  below* 

1«     Connects  different  sized  tubing. 
 2,     Used  where  tubing  is  flared. 


Connects  two  pieces  of  Jihe  sasie 
j^ize  tubing* 

4<     Used  with  flarelc  a  tubing. 


a. 
b. 
c« 

d. 


Reducer < 
Onion « 
^fitting. 
AN  fitting. 


Frana  37 

Hatch  the  illustrations  to  their  names, 

 1,     AH  fitting. 

 2,     SE  fitting. 

3,  !hilon* 

4*  Reducer* 


Answers  to  Frame  34;       a   1*       b   .2.  3.    b.     4^    a.  — d — 5. 
c   6.       a   7.       b  8. 

Answers  to  Frame  35:       c   1.      b    2.       ^,   3.   e — 4. 
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Frame  38 


AM  standard  fittings  have  superseded  all  other  types  of  fittings 
They  should  be  used  in  preference  to  all  other  flared  fittings.  Fit- 
ting sizes  should  correspond  to  the  size  of  tubing  they  are  used 
with*    Tubing  fittings  have  either  tapered  pipe  thresds  or  straight 
threads.    Pipe  thread  fittings  are  made  in  a  cone  shape.  Straight 
threads  are  the  same  In  diameter  the  entire  length  of  the  threads. 

The  hole  the  pipe  thread  fitting  goes  into  is  tapered  like  the 
fitting.    As  the  pipe  thread  fitting  is  screwed  in,  its  threads  seal 
against  the  threads  of  the  hole. 


STRAIGHT  THREAD         PIPE  THREAD 
NO  RESPONSE  REQUIRED 


Answers  to  Frame  36:       a    1.       d    2*       b    3.       c  4. 


Answers  to  Frame  37:       a    1.       b  2.      a     3*   c  4. 
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Frame  39 

Fitting  types  and  materials  are  identified  by  color.    AN  aiiai.- 
nun.fiiSS^blue.    M  iteetii^tinas  ^r^^ 
fT^Mngs  are  ■^ml^STplated  and  ac±Ttot  otherwise  colored.  These 

St  ^frSefel^e^eTbe^e  if  two  dissimilar  (unUke) 
^tSs  are  brou^t  together  they  will  corrode.  ^f^J^n 
TpotLtlal  fire  hazard  in  the  presence  of  oxygen,  or  a  weakness  in 
the  metal. 

Match  the  identifying  color  with  each  type  of  fitting. 

 ^1.     AN  aluminum  fitting.         a.     Dark  yellow. 

 2.     AN  steel  fitting.  b.  Blue. 

c.      Gray  or  light  yellow. 


d.  Silver. 


e.  Black. 


Answer  to  Frame  38:    None  required. 


Frame  40 


A  flare  and  a  sleeve ,  with  a  nut,  are  used  when  connecting  straight 
threads  to  tiibing*    The  sleeve  is  used  to  seal  the  tiibing  to  the 
nut  and  to  the  fitting*    The  nut,  of  course,  is  used  to  connect  the 
tubing  to  the  fitting*    The  nipple  is  used  to  connect  a  piece  of  tubing 
to  a  device  hiiving  pipe  threads* 


■ 

'  

n 

1 — ■ 

- 

tbXMd 


Sleeve:  Nut: 

Coupling* 


Bevelled  surface  J&ftte> 
with  fjared  tubing 

Straight 

thXMd 


Kippla 


The  flared  tubing  fittings  most  commonly  used  in  the  tubing  systems 
of  aircraft  Is  the  coupling  nut  and  sleeve. 

HO  RESFOHSE  REQiaitED 


Answers  to  Frame  39:       b    1.       e  2. 
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Frame  41 

Match  the  fittings  to  the  descriptions  listed  belcfw. 


c. 


rt 

1.  Nipple^  flared  tubing  to  pipe* 

2*  Nipple^  pipe  thread  oa  both  ends- 

J.  Union,  flared  tube* 

4.  Coupling*  internal  pipe  thread* 


( 


Answer  to  Frame  40;    ^*one  required* 
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Fraiae  42 


In  this  and  the  following  frames  you  will  be  shown  various  AN 
fittings.    You  jaay  well  encounter  these  fittings  at  a  later  time  in 
the  performance  of  your  job.    Study  the  illustrations  carefully. 
Then  you  will  demonstrate  your  ability  to  identify  these  fittings. 
Let's  see  how  well  you  do  with  the  following. 

Match  the  fittings  to  the  descriptions  listed  below. 


1,  Elbow,  90*  flared  tube, 

2.  Elbow,  90^^  internal  and  external  pipe  threads. 
3*     Elbow,  90^  internal  pipe  threads. 


4,      Elbow,  90*  flared  tube  to  pipe. 


Answers  to  Frame  41:       c    1.       b,  2*     ,.  a  .  „3. 
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Frame  43 

Match  the  illustrations  below  with  their  correct  deacriptiona , 

Side 


_1.  Bushing,  reducer. 

Z.  Tee,  flared  tube. 

3.  Elbow  45'  mtenial  and  external  pipe  threads. 

4.  Teei  flared  tube,  pipe  thread  on  aide. 

5.  'Elbow  45'  flared  tube  to  pipe. 

6.  Tee,  flared  tube,  pipe  thread  on  the  run. 


* 


Answers  to  Fraine  42:     _d_l.    __£_2-    ._L_3-  -J—** 
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Frame  44 

Bulkhead  and  universal  fitting  coid>lnatlons  can  be  mounted  solidly 
to  a  bulkhead  or  component  with  one  outlet  adjusted  to  any  angle* 
"Bulkhead"  means  that  the  fitting  Is  long  raough  to  go  through  a  bulk- 
head*   ^Universal"  means  that  the  fitting  can  be  set  at  any  angle » 
ualng  a  universal  fitting  bolt* 

When  Installing  a  bulkhead  fitting^  a  jam  nut  is  used  to  hold 
the  fitting  securely  In  the  bulkhead.    This  is  shown  In  the  following^ 
illustration.    Fittings  with  evidence  of  visible  damage^  (stripped- 
threads^  deep  gouges  and  nicks^  wrench  jaw  inarks^  etc)  will  be 
replaced, 

Ifatch  the  fittings  to  the  correct  nomenclature  listed  below* 


1, 

3* 
4, 
"5, 
'6* 


Bolt^  universal  fitting* 
Tee»  flared  tube*  bulkhead* 
Elbow  90"^  flared  tube^  bulkhead, 

Union^  flared  tube,  extra  length,  for  mounting  in  a  bulkhead, 
ElboW|  90^  universal. 
Elbow,  45** 


Answers  to  Frame  43; 
a  6* 


b  1, 


45 


d  3, 
0:- 


f  4, 


31H 

3) 

D 
D 

D 

D 

D 

T 
I 


\ 


I 


0) 

iiiriti-':- 

"mt. 

0) 

0> 

•1^ 


^1 


Code  bands  of  vaxlcolored  tape  are  attached  to  the  tubing  through- 
out the  aircraft.    These  bands  are  placed  near  the  Joints  and  quickly 
Identify  the  content  and  danger  when  working  on  or  around  these  tubing. 

\  chart  shotting  some  of  the  color  coding  for  tubing  systems  Is 
shown  above.    This  chart  can  be  found  In  the  appropriate  technical 
orders . 

Match  the  color  code  to  the  syateois  listed  belotf. 

a.  Gray, 
b. 


.1. 

2. 
J. 


Fire  protection. 
Lubrication. 
Breathing  oxygen 
^4.  Fuel 

_^5*     Air  condition. 
JS.  Pneumatic. 
J*  Hydraulic. 
8*  Da^lclng. 


Answers  to  Frame  44; 
b  6. 


£  U 


c. 
d. 
e. 
f. 

H. 

2. 


Blue-yellow. 
Brown-gray. 
Green. 
Yellow. 
Red. 
Brown. 
Hed-blue. 

46  33o 


4. 


e  5. 


Frame  46  3/5* 

Answer  the  following  statements  TRUE  or  FALSE. 

 1.     The  two  moat  connnon  types  of  tubing  used  In  aircraft  systems 

lines  ars  corrosion-resistant  aluminum  alloy  and  copper. 

 2.     Aluminum  alloy  tubing  is  moat  widely  used  in  low  and  medium 

pressure  systems^ 

 3*     The  color  code  which  identifies  the  contents  of  the  system 

as  breathing  oxygen  is  red* 

 4.     Stainless  steel  tubing  is  used  in  high-pressure  systems. 


Answers  to  Frame  45:       g    1*       e    2.       d    3.       f    4.       c  5. 
h    6.       b    7..       a  8* 
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3/t 

'Frama  47 


Electrical  wires  are  terminated  with  solderless  terminal  lugs 
(A)*    Terminal  lugs  permit  easy  and  efficient  connection  and  discon** 
nectlon  from  electrical  equipment*    Solderless  splices  (B)  join 
electrical  wires  to  form  permanent  continuous  runs*    These  terminal 
lugs  and  splices  coma  prelnsulated  (A)  or  uninsulated  (B) *  They 
are  made  of  copper  or  aluminum* 

tfotet  Copper  wire  requires  copper  connectors  and  the  aluminum 
wire  requires  alim'tw^  connectors* 


Select  the  correct  statement(s) * 

 1»     To  join  electrical  wires  to  form  a  continuous  run,  solder- 
less terminal  lugs  are  used* 

 2*     Solderless  terminal  lugs  permit  easy  disconnection  and 

connection  to  electrical  equipment* 

 ^3*     Solderless  terminal  lugs  and  solderless  splices  may  >e 

uninsulated  or  prelnsulated* 


Answers  to  Frame  46:       ?   1*       T    2.       ?   3*       T  4. 

O  IV  ^ 


48 


Frane  48 


Aircraft  vibration  tends  to  loosen  or  alter  adjusttEtent  of  vari- 
ous parts*    Therefore^  parts  are  safetied  by  an  auxiliary  device 
such  as  safety  wire* 

Safety  wire  is  available  in  either  copper^  aluminum  or  steel* 
Copper  wire  C*020-lnch  diameter) »  is  used  for  safetying  seals  on  equip-* 
ment  such  as  first  aid  kits  and  portable  fire  extinguishers* 

Aluminum  wire  C*032-lnch  diameter)  is  used  for  safetying  emer^ 
gency  valves  or  oxygen  regulators*  BE  SUB£  TO  CONSULT  THE  SPECIFIC 
TECHHICAL  ORDER  AND  USE  THE  WIRE  REQUIRED* 

Some  emergency  devices  require  installation  of  safety  or  shear 
wire*    Particular  care  should  be  exercised  to  assure  that  the  use 
of  safety  wire  will  not  prevent  emergency  operation  of  the  device* 

The  following  illustrations  are  typical  examples  of  proper  safety 
wire  installations*    Study  these  illustrations*    Notice  the  proper 
procedures  to  follow  In  installing  safety  wire  for  a  given  situation* 


(CLOSELY  SPACED) 


NO  RESPONSE  REQUIRED 


Answers  to  ?rame  47; 


✓  2. 


✓  3* 
49 


'Frame 


Two  methods  of  safety  wiring  are  used;    the  single-wire  method 
and  the  dou61e-twiat  method.    The  single-wire  method  is  uaed  on  emer* 
gency  devices*    When  uaing  this  method,  be  sure  not  to  prevent  ita 
operation  in  case  of  an  emergency*    Ihe  signal-wire  method  is  also 
uaed  in  areaa  hard  to  reach  and  for  email  screwa  in  a  doaely  spaced 
pattern* 

The  double^twist  method  is  the  most  common  method  used«  When 
using  the  double-tuiat  method,  ,032*inch  minimum  diameter  wire  ahould 
be  uaed  on  parts  that  have  a  hole  diameter  larger  than  «056-inch« 
Safety  wire  of  *020-inch  diameter  (double  atrand)  may  be  used  as 
applicable  on  parte  that  have  a  hole  diameter  of  «045-»inch  or  leaa« 
The  safety  wire  uaed  should  fill  at  least  three-fourths  of  the  hole. 

Select  the  correct  answer  to  the  following  atatement* 

1*     Ihe  two  sizes  of  aafety  wire  moat  commonly  used  to  safety 
parts,  uaing  the  double*twist  method,  are 

a,  *032-inch  and  , 037-inch, 

b,  , 020-inch  and  , 037-inch, 

c,  , 041-inch  and  , 047-inch, 

d,  , 020-inch  and  ,032**inch. 


Anawer  to  Frame  48;    Hone  Kequired* 
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Frame  50 


The  number  o£  bolcs^  iiuCs^  screws^  ecc*»  chat  may  be  wired 
together  depends  upon  the  application*    When  using  the  double-tvlst 
method^  the  maximum  niimber  of  wider  spaced  bolts  that  can  be  wired 
in  a  series  is  three*    When  securing  closely  spaced  bolts »  the 
number  that  can  be  wired  by  a  24"inch  length  of  wire  is  the  maximum 
number  in  s  series* 

Select  the  correct'  answer  for  the  statement  below* 

1*     The  maximum  number  of  widely  spaced  bolts  which  may  be  wired 
in  a  series  is 


1* 


b* 


2* 


3* 


d* 


4* 


Answer  to  Frame  49:    1*  d* 


51 


The  correct  procedure  for  safety  wiring  will  be  explained  In 
the  safety  wiring  project*    In  that  project,  you  will  learn  the 
proper  method  by  actually  doing  the  job. 


Answer  to  Frame  50:    1*  c* 

52 


Frame  51 

Note:    To  complete  this  £rame»  you  must  have  access  to  a  hard* 
ware  trainer  that  has  the  names  of  the  hardware  items  covered 
with  tape. 

Match  the  names  belcw  with  the  correct  item  on  the  trainer.  Place 
the  trainer  nundier  that  corresponds  with  that  item  on  the  separate 
answer  sheet.    Some  items  on  the  trainer  are  not  listed. 


3a; 


1.  Wood  washer. 

2.  Bolt»  clevis. 

3.  Bolty  hex  head  steel. 

4.  Gotten  pin. 
5^  Eyebolt. 

6.  Machine  screw »  flathead. 

7.  ScreWy  Reed  and  ?rlnce  head. 

8.  Locic  washer. 

9.  Machine  screw,  roundhead. 

10.  ?Iate  nut. 

11.  Machine  screw,  Fillister 
head. 

12.  Wing  nut. 

13.  Nut,  plain  steel. 

14.  Screw,  FhiUips  head. 
13.  Nut»  castellated  steel. 

16.  Bolt,  drilled  head  steel. 

17.  Screw,  sheetmetal. 

15.  Nut»  seI£**Iocklng  alusdntm. 

19.  Nut,  st^el  self-Ioddng. 

20.  Dzus  sttid. 


21.  Splice. 

22.  Elbow  90*>  bulkhead. 

23.  Tlnnerman  nut. 

24.  Tee  fitting. 

25.  Cross  fitting.  Internal 
threads . 

26.  Elbow  90"*,  pipe  tn  tube. 
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Answera  to  Frame  51: 

1.  U. 

2.  1. 

3.  5. 

4.  12. 

5.  7. 

6.  10. 

7.  18. 

8.  24. 

9.  9. 

10.  15. 

11.  4. 

12.  16. 

13.  21. 

14.  17. 

15.  22. 

16.  3. 

17.  13. 

18.  20. 

19.  23. 

20 .  29 . 

21.  33. 

22.  40. 

23.  32. 

24.  39. 

25.  36. 

26.  47. 
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OBJECTIVES 

tflthout  references*  identify  the  proper  care  and  use  of  handtools* 
A  minimum  of  70Z  accuracy  is  required* 

IMSmrCIIQNS 

This  prograjmned  text  presents  Information  in  small  steps  called 
frames*    Carefully  study  the  written  material  and  schematic  in  each  frame 
until  you  are  satisfied  that  you  understand  its  contents* 

Each  frame  also  requires  you  to  respond  to  the  information  presented 
In  various  ways*    For  example*  you  may  be  required  to  select  or  complete 
true  statements  or  match  items  to  related  situations*    Specific  Instruc* 
tions  are  contained  in  each  frame*    Ch«;ck  the  accural  of  your  work  by 
checking  the  answer  at  the  top  of  the  next  page*    If  your  response  is 
Incorrect*  study  the  frame  again*  and  correct  your  error  before  continuing 
to  the  next  frame*    THIS  IS  IMPOSXADT*    Tou  can  more  easily  remember  the 
material  if  you  first  read  carefully  and  attempt  to  determine  the  correct 
answer*  then  check  the  accural  of  your  response*.   DO  NOT  HUBBT* 
The  average  time  required  to  complete  this  text  is  3J  minutes* 

Note:  Record  your  answers  on  a  Response  Sheet  which  is  attached 
to  the  back  of  this  text*  (Remove  one  copy«)  When  all  response 
sheets  have  been  used»  then  answers  can  be  Indicated  on  text  Itself* 


33^ 

FRAME  1 


a  toolkit.    You  must  become  ^^iJf  Jj"  "^it  la  damaged  tools,  accidents, 
care  of  the  tools,    Hlsuse  of  '-^^^^^V^gerto^must  not  be  used, 
or  damaged  aircraft  equipment.    Broken  or  aanws 

They  must  be  turned  in  for  nw  or  serviceable  tools. 

The  tools  included  In  most  toolkits  are  described  in  this  text. 


No  response  required* 


FRAME  2 


A  ball  peen  Id  a  steel  haBoner  which  should  be  used  on  hard  metals »  such  as 
Iron  or  steel*    A  plastic  or  brass  hammer*  soffletimes  called  a  mallet »  should 
be  used  on  soft  metela  or  any  soft  materials  that  could  be  marred  by  a  ball 
peen  hammer.    See  figure  1, 


T 

saass  or  PIaSTIC 


Figure  1, 

Fill  In  the  blanks  of  the  following  statements. 

1.  Use  a  ,  hammer  to  straighten  an  Iron  bar. 

2,  To  bend  a  brass  bar*  'use  a  ■    hammer  or  mallet. 


3lj 


1 


Answers  to  fraine  2 
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1«     Ball  peea  2*     Brass  or  plastic 

FRAME  3 

When  using  a  hamDar*  you  should  grip  it  near  the  end  of  che  handle  opposite 

the  head*    Strike  the  material  squarely  on  its  surface  so  the  hananer  will 

not  glance  and  slide  on  the  surface*    Before  using  a  hasmer  cbecic  its  condition* 

It  should  have  a  tight  handle*  no  cracks  or  grease  on  the  head  or  handle 

and  no  nuahroomlng  on  the  face  of  the  head*    X£  any  defects  are  noticed*  it 

should  be  repaired  or  turned  in  for  a  serviceable  hamner*    Cracked  hammer 

handles  cannot  be  repaired^  they  n&tst  be  replaced* 


Check  the  true  statements* 

1*   A  cracked  hamer  handle  should  be  glued  or  taped  before  using* 

2.   If  you  can't  repair  a  hamnert  you  should  turn  it  in  for  a 

serviceable  one* 

3*  While  using  a  hammer*  always  hold  it  near  che  end  of  the  handle* 


3 


3W 

Answer  co  frame  3 


1* 


mm  4 


2.  ^ 


3. 


A  conoton  screwdriver  has  a  flat  clp.  The  size  of  che  clp  is  decermlned  by  Ics 
wldch*  See  flgate  2*  The  size  of  any  screwdriver  Is  determined  hy  che  length 
of  che  shank* 


WIDTH  Of  Tif* 


Figure  2* 

Check  che  cme  scaceinencs. 

1^   To  decermine  che  size  of  s  screwdriver^  measure  che  widch  of  che 

shank* 

You  should  use  a  common  screwdriver  co  cighcen  or  loosen  a  screw 


2* 


3. 


wich  a  head  as  In  che  iUuscration  below* 


0 


A  Six  inch  screwdriver  has  a  shank  chat  is  six  inches  long- 


3r> 


Answer  to  frame  4 
1.    2. 


3. 


3a9 


FRAME  5 


Pointers  concerning  care  and  use  of  common  screwdrivers  are  listed  as  follows: 


1. 
2. 

3. 

4. 
5. 


Do  not  use  a  screwdriver  for  a  pry  bar,  punch,  or  chisel. 
When  using  a  screwdriver,  keep  the  shank  perpendicular  to  the 

^ply  ^^8h  pressure  on  the  screw  to  prevent  the  screwdriver  from 
slipolna  out  of  the  screw-head  slot.  o 
UsTa  screwdriver  that  properly  fits  the  screw  slot     See  figure  3. 
nTnot  use  another  tool  to  increase  the  leversge  of  a  screwdriver. 
To  do  so  may  damage  the  screwdriver  tip  or  screw  slot.  See 
figure  3. 


YES 


Figure  3. 

Check  the  true  statements. 

1.   If  you  cannot  loosen  a  screw,  you  should  use  a  longer  screwdriver. 

2.   

3.   


4. 


_If  a  screwdriver  doesn't  fit  the  screw  slot  you  should  grind  It  to  fit, 

An  important  factor  to  consider  when  selecting  a  screwdriver  for  a 
"particular  screw  is  the  size  of  the  tip. 

You  should  never  use  a  wrench  on  a  screwdriver. 


5 
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Answer  to  frame  5 


TRAHE  6 


2. 


3. 


4. 


/ 


Two  types  of  cross  recess  screwdrivers  are  the  Phillips  and  the  Reed  and  Prince. 
See  figure  4.    The  phillips   tip  is  blunt,  and  the  Reed  and  Prince  tip  is 
pointed*    Tips  of  cross  recess  screwdrivers  vary  In  sise  so  you  must  select 
the  proper  sise  tip  to  fit  the  mating  slots  in  the  screw  head;  however,  the 
si2a  of  the  screwdriver  is  determined  by  the  length  of  the  shank* 


PH1LiJP5 


MAirNG  5ior5 


ftEED  AND  PftlNCE 


Figure  4. 


Check  the  true  statements. 


1, 


2. 


3* 


_If  the  shank  of  a  cross  recess  screwdriver  is  ten  Inches  long 
and  its  handle  is  four  Inches  long,  it  is  a  ten  Inch  screwdriver* 

JThe  main  difference  between  a  Reed  and  Prince  and  a  Phillips  screw* 
"driver  is  the  shape  of  their  tips* 

The  Phillips  screwdriver  has  a  sharply  pointed  tip. 


3 


6 


Answer  to  fraiae  6 


331 


1.        ✓  2.         ✓  3. 


FRAME  7 

Th«  sane  do's  and  doa'ts  concerning  the  care  and  use  of  screwdrivers 
applies  to  care  and  use  of  cross  recess  screwdrivers.    One  additional  rule 
must  be  re&embered,  and  that  is  to  use  the  screwdriver  designed  for  the  screw 
recess*        other  vords^  use  only  a  Phillips  screwdriver  on  a  Phillips  recess 
screw,  and  a  Reed  and  Prince  screwdriver,  only  on  a  Reed  and  Prince  recess 
screw. 

Check  the  true  statements* 

1*  When  using  a  cross  recess  screwdriver,  you  must  keep  the  shank 

perpendicular  to  the  screw  head. 

2.   You  should  not  use  pliers  to  increase  the  leverage  of  a  cross 

recess  screwdriver. 

3.   All  cross  recess  screwdriver  tips  sre  the  same  size. 


4*   A  small  common  screwdriver  should  not  be  used  in  a  cross  recess 

screw. 


7 
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Answer  to  frame  7 

1.   2*   ^       3*    4.  4 

FRAME  8 

An  offset  screwlrlver  has  both  ends  bent  as  shown  in  figure  5.    It  is  used 
to  tighten  or  loosen  screws  in  areas  where  longer  screwdrivers  will  not  fit. 
The  two  tips  are  placed  at  right  angles  to  each  other  to  aid  screw  removal 
in  areas  where  turning  area  is  limited.    Both  tips  of  an  offset  screwdriver 
are  the  savie  size.    Select  the  offset  screwdriver  with  tips  that  fit  the 
mrew  slot. 


Figure  5« 


Check  the  true  statements. 


^*  An  offset  screwdriver  may  be  used  in  a  limited  access  area  where 

a  longer  screwdriver  cannot  be  used. 

2.   The  two  tips  on  an  offset  screwiriver  are  for  use  on  different 

sized  screw  heads. 

3*  While  using  an  offset  screwdriver^  you  should  hold  the  screwdriver 

so  the  tip  is  perpendicular  to  the  screw  head« 


8 


Answer  co  frame  8 
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FRAME  9 

A  machlniat's  cold  chisel  ±3  made  of  hard  3teel»  and  may  be  used  for  cutting 
cold  metal*    If  possible^  place  the  metal  to  be  cut  in  a  vise^  and  strike  the 
cold  chisel  firmly  and  squarely^  with  a  ball  peen  hammer.    See  figure  6. 


ngure  6, 

Check  the  true  statement  or  statements* 

1*  You  should  strike  a  cold  chisel  with  a  steel  hssaner* 

2,   Metal  to  be  cut  with  a  cold  chisel  should  be  hot  before  cutting* 


9 
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Ansmr  to  frame  9 

1.   ^  2.   

FRAME  10 

The  cold  chisel  cutting  edge  oust  be  Icept  sharpy  and  usually  requires 
sharpeniug  after  each  use.    As  the  chisel  is  used»  its  head  gradually  becomes 
mushroomed »  and  shorV  be  dressed  with  a  grinding  wheel  as  shown  in  figure  7. 


MUSHROOMED  DRESSED 
HEAD  M»  HEAD 

Figure  7* 

Check  the  true  statemaat  or  statements. 

1.   ^Cold  chisels  should  be  sharpened  frequently. 

2.   ^Sharpening  a  cold  chlcel  consists  of  grinding  off  the  mushroomed 

heed. 


10 


Answers  to  frame  10 
1.         /  2. 


FKAMB  11 


The  electrical  rcpairman^s  toolkit  usually  contains  tvo  types  of  punches^  a 
center  punch  and  a  pla  puuch*    See  figure  8*    A  center  punch  is  used  to  mark 
the  location  of  holes  to  be  drilled  in  metal*    A  pin  punch  is  used  to  drive  pins 
or  rivets  from  holes  in  Qtetal*    Do  not  use  a  center  punch  to  remove  a  pin  or 
rivet  from  a  hole  as  the  sharp  point  may  spread  the  pin  and  lock  it  in  the  hole* 


PUNCH 


NO 

Figure  8* 

Check  the  true  statement  or  statements* 


YES 


PIN 
PUNCH 


1* 


2* 


3* 


_If  you  wished  to  drill  a  hole  in  a  pi^ice  of  soft  steel  you  should 
"first  use  a  center  punch* 

JTou  should  use  a  pin  punch  to  drive  a  broken  cotter  pin  from  a 
hole  in  a  shaft* 

A  center  punch  should  be  used  to  drive  a  pin  from  a  hole  in  metal* 


II 


Answers  Co  frasie  11 

1.   ^        2.        i/  3.   

FRAMS  12 

Files  are  used  for  smooching  or  removiag  siaall  amouncs  of  nxecal.    The  four 
files  llluscraced  belov  are  used  for  Che  following  operacions: 

1*     A  flac  file  is  used  for  filing  flac  surfaces  or  edges* 
2*     A  round  file  is  used  co  enlarge  round  holes* 

3.  A  taper  file  is  used  for  various  filing  operacions  such  as  sharpening 
sair  blades  or  filing  snail  pares. 

4.  A  half  round  file  may  be  used  on  flac  or  concave  (hollow  and  curved) 
surfaces  or  edges* 


Figure  9* 


Check  Che  crue  scaceioenc  or  stacemencs* 

1'  You  should  use  a  caper  file  for  enlarging  a  round  hole* 

2.   A  half-round  file  should  be  used  for  filing  a  concave  edge. 

3-  Pse  a  flac  file  for  re«oving  a  small  amounc  of  mecal  on  a  scraighc- 

flat  edge. 

4.  The  cang  is  Che  file  handle. 
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Answers  to  frame  12 


FAME  13 

If  the  metal  to  be  iiled  Is  aot  too  large»  it  should  be  held  firmly  In  a 
vise*    Use  a  long  uniform  forward  atroke^  and  only  enough  downward  pressure 
Co  keep  the  file  cutting*    See  figure  10*    Do  not  drag  the  file  acrosa  the 
metal  on  the  back  stroke  as  this  would  dull  the  teeth*    Lift  the  file  on  the 
hack  stroke*    Before  using  a  £iXe»  be  sure  it  has  a  handle'^  otberwise>  the  sharp 
tang  could  injure  your  hand* 


Figure  10* 
Check  the  true  statement  or  statements t 

1,   The  file  should  contact  the  metal  only  on  the  forward  stroke* 

2,  You  should  lift  the  file  from  the  metal  on  the  back  stroke* 
3*  You  do  not  need  a  handle  on  a  large  flat  file* 


33? 

Answer  to  frame  13 


1*   ^1        2.   3.   

FRAME  14 

The  cuCtlAg  actioa  of  a  file  produces  small  chips  or  filings*  Filings 
frequently  vedge  between  the  file  teeth  and  reduce  the  cutting  action*  Clean 
a  file  by  brushing  with  a  wire  brush*  called  a  file  card*    See  figure  11* 
Puab  the  file  card  in  a  direction  parallel  with  the  file  teeth*    The  reverse 
side  of  the  card  contains  a  fiber  brush  for  brushing  the  file  after  carding* 
A  metal  pick  may  be  removed  from  the  handle  of  the  file  card  to  aid  In 
removing  metal  filings  that  cannot  be  removed  othervlse*    After  cleaning  a  file 
it  should  be  wrapped  in  cloth  or  paper  and  placed  in  your  toolkit*  Mapping 
protects  the  teeth* 


Figure  11* 

Check  the  true  statements* 

1*   To  clean  a  file,  use  the  card  before  the  fiber  brush* 


2*   Clean  a  file  by  pushing  the  caret  across  the  file  teeth* 

3.  Files  should  be  cleaned  and  wrapped  after  use* 


14 


Answer  to  frame  14 


1. 


2. 


3. 


FRAME  13 


p„rpo.e  toUHlg  operations.  The  Jaw.  of  the«  Pl^'^^  L:e..l,.  atraln 
Sat  ,.rlo«.  alze.  of  -terl^  S,a'to"oo»I  „  tlSt«  ele«ric.l  conduit 
Z^TJf^""ortr  ^htaf  Slir-ah^^irr.:  u..f «  bolt  ...d.  o.  .u». 

^  COMMOH 

SLIP— JOIHT 


WATER  ?UMP 


VISE  -  GRIP- 


?lgure  12. 
Check  the  true  atatement  or  statements. 
,^   Pllere  Increase  hand  grip  leverage. 

2.   


CONDUIT  PIJCRS 


3. 


Pliers  hkve  adjustable  Ja«s  so  that  various  sized  materials  may 
be  more  coavenlently  held. 
Conduit  pllero  have  adjustable  jaws. 
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Answer  to  frame  15 


1.  /  2.   /  3-  / 


FRAME  X6 

Pliers  may  be  used  for  many  general  operations  but  must  never  be  used  on 
nut  and  bolt  heada.    See  figure  13.    To  do  ao  may  damage  the  nut  or  bolt» 
and  may  damage  the  pller  Jaw  serrations.    Pliers  usually  mar  the  surface  of 
any  material^  so  be  careful  when  using  these  tools. 


YES  NO 

Figure  13. 

Checic  the  true  statement  or  atatementa. 

1.   Pliers  may  be  used  to  loosen  a  nut>  provided  you  are  careful. 

2.   Pller  jaw  serrations  are  sharp,  and  my  damage  any  material  on 

which  they  are  used. 
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Answers  to  frame  16 


2.  ^ 


FKAHE  17 

Electrical  work  requires  the  use  of  hal£*rouad-^ose  pliers>  diagoaal*cuttiag 
and  duckbill  pliers.    See  figure  14.    These  pliers  do  not  have  adjustable 
Jaws.    Half*rouiid*nose  pliers,  are  used  for  bending  and  forming  wlre>  holding 
wire  during  soldering  operations>  holding  small  parts>  etc.  Diagonal-^cutting 
pliers  are  used  for  cutting  such  material  as  wire  and  cotter  pins.    Do  not 
use  diagonal*cuttlng  pliers  for  cutting  screws  or  small  bolts.    Use  duckbill 
pliers  for  safetylng  boles  and  nuts  with  safety  vire>  or  removing  safety  wire. 


HALF  SOUND  NOS£  PUEI^S 


DIAGONAL  CUniNG  PU»$ 


DUCKBtU  PU£ltS 


Check  the  true  statement  or  statements. 


1.   plagonaX-cutting  pliers  are  mainly  used  for  cutting  electrical  wire. 

^*  Half-^round^ttose  pliers  could  be  used  during  electrical  soldering 

operations. 

3.   Duckbill  pliers  are  b<%tter  for  removing  ssfety  wire  than  half- 

round-^ose  pliers. 
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Answers  to  frame  17 

1*        /  2.        /  3.  / 


FRAME  18 

A  h«ck3W  may  be  used  to  cut  taetal  such  as  soft-steel  rod»  bolts »  and 
h*«vy-electr±cal  cable*    ThA  material  to  be  cut  should  be  held  securely » 
preferably  In  a  vise*    The  blade  is  clainped  In  the  saw  frame»  and  may  be 
replaced  whan  dull  or  broken*    Blades  should  be  inserted  in  the  frame  so 
the  teeth  point  forward*    Cutting  Is  done  only  on  the  forward  stroke* 
See  fixture  15* 


Figure  15* 

Check  the  true  statements* 

1*   ^Elacksaw  blades  are  replaceable  in  the  saw  frame* 

2*  Small-electrical  wires  should  be  cut  with  a  hacksaw* 

3*   ^It  ia  possible  to  incorrectly  Insert  a  hacksaw  blade  in  the 

saw  frame* 


364^ 
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3V3 

Answers  to  frame  18 

1.   2.    3.   1_ 

UtAME  19 

The  correct  and  Incorrect  use  of  the  hacksaw  Is  Illustrated  below. 


TtCTH  TOO  SMAU     TKTH  TOO  COARSE 
NO  mf  CltAHAWCi    JttAOOti*  WOtJC 
Tf CTH  CtOO 

WRONG 


COAMt  TCHH 
AM^li  CHIP 
ClfASANCC 


TWO  OM  MOMC 
TC£TH  ON  MCTAl 


WGHT 


WftONG 

TOO  OftEAT  FORCE  BREAKS  BLADE 


ftlGHT 


Coma  FORCE  BtAOC  CUTS 
ON  FOU  mOJCi  ONLT 


Figure  16. 

Check  the  true  statenwnts. 

1,   Mbflt  of  the  force  you  exert  on  a  hacksaw  should  be  downward. 

2.  _  ^  You  should  select  a  hacksaw  blade  for  the  material  you  wish  to  cut- 
3. 


A  hacksaw  blade  only  cuts  on  the  forward  stroke. 
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Answer  Co  frame  19 


1. 


2. 


/ 


3. 


/ 


FRAHE  20 


Figure  17  Is  an  illuscracion  on  a  box-end  wrench*    Because  of  its  strength, 
this  iB  the  best  wrench  for  loosening  a  "tight"  nut  or  bolt*  Considerable 
force  can  be  applied  to  the  wrench  without  the  danger  of  breaking  the  wrench 
or  damaging  the  hex  nut  or  bolt  head* 

Do  not  attempt  to  Increase  leverage  on  any  wrench  by  placing  a  pipe  or  other 
wrench  on  the  end  of  the  wrench.    The  Increased  leverage  could  damage  the 
wrench  or  bolt*    Hever  strike  the  end  of  the  wrench  with  a  hammer  while 
loosening  or  tighting  a  nut  or  bolt. 


Figure  17. 


Check  the  true  statement  or  statements* 


1. 


The  box  end  wrench  is  used  to  loosen  hex  head  bolts  or  nuts. 


2. 


If  greater  force  is  needed,  use  a  wrench  extension* 


Anaver  to  frame  20 


1.   /       '  2. 


FRAME  21 

The  Jaws  of  an  open  end  wrench  are  placed  at  an  angle  to  the  handle.  See 
figure  18.    when  the  turning  area  is  limited »  you  can  turn  the  wrench  over 
(upside  down)»  after  you  reach  the  end  of  the  turning  area.    Since  force  is 
exerted  only  on  two  faces  there  is  a  possibility  of  rounding  or  damaging  a 
''tight*'  nut  or  bolt.    The  open-end  wrench  should  not  be  used  where  it  is 
possible  to  use  box  end  wrenches. 


1/2  3/> 


Figure  18. 

Check  the  true  statement  or  statements. 
1*  You  should  always  use  an  open  end  wrench  if  it  will  fit. 


2.   Both  jaws  of  an  open  end  wrench  are  usually  the  same  size. 

3'  You  should  never  strike  the  end  of  an  open  end  wrench  with  a 

hammer  or  other  mechanical  device. 


21 


Answers  to  frame  21 


1.  2.    3.  / 


nUHE  22 

The  adjustable-jaw  wrench  should  only  be  used  when  no  other  wrench  is 
available.    If  you  must  use  this  wrench^  you  should  pull  In  the  direction 
shown  In  figure  19A.    If  you  apply  force  In  the  opposite  direction^  the 
adjustable  jaw  may  break. 


A 


Figure  19. 
Check  the  tnie  atatesient  or  statements. 

1.  The  adjustable-jaw  wrench  is  the  best  wrench  to  use  for  removing 

most  bolts  or  nuts. 

2*   Applying  force  In  the  direction  shown  In  figure  19B  is  wrong 

because  of  the  djanger  of  breaking  the  wrench. 
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Answers  to  frama  22 


3V7 


1*    2*   1^ 

FRAME  23 

Tour  toolkit  will  contain  several  sockets  to  fit  various  sizes  of  nuts*  The 
sizes  are  stamped  on  the  sides  of  the  sockets*    See  figure  20*    One  end  of 
the  socket  contains  a  square  hole  to  receive  the  square  drive  on  the  socket 
handle* 


Figure  20* 

Check  the  true  statement  or  statements* 

1*   The  socket-^drive  hole  Is  the  same  size  as  the  square  drive  on  the 

wrench  handle* 

2*   The  number  stamped  on  the  socket  refers  to  the  size  of  the  drive* 


3Sd 

23. 


Answer  to  frame  23 


FRAME  24 

Some  socket  >    ich  hai^dies  and  accessories  are  shown  in  figure  21.  The 
hinge  and  **T"  handle  should  be  used  to  loosen  or  tighten  a  nut  or  bolt. 
The  ratchet  or  speed  handle  should  be  used  to  remove  or  install  a  nut  or 
bolt  when  little  force  is  needed. 

The  socket  extension  may  be  placed  between  the  socket,  and  any  of  the  soQjcet 
handler  when  turning  area  is  restricted  without  the  use  of  the  extension. 

Use  a  universal  joint  between  the  handle  and  socket  when  loosening  or 
removing  nuts  or  bolts  in  difficult  access  areas. 


A 


13  HINGE  HANDLE 


c 


T  HANDLE 


0 


v. 


B  EXTENSION 


Figure  21. 


Check  the  true  statement  or  statements. 


1. 


When  you  use  a  socket  you  should  use  a  hinge  or        handle  to 


loosen  a  "tight'*  nut. 


2. 


The  socket  extension  should  always  be  useJ  with  the  ratchet  handle. 
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Answer  to  frame  24 
1.        /  2. 


FRAME  25 

The  spin-tite  wrench  resembles  a  screwdriver  handle  with  a  socket  on  the 
shank.    See  figure  22t    These  wrenches,  available  In  various  sizes,  are 
used  to  remove  and  replace  small  nuts  on  components  and  electrical  terminal 
strips* 

D 

ft.  153 

Figure  22* 
Check  the  true  statement  or  staf^ments* 

1.   A  ratchet  handle  could  be  Installed  on  a  spin-^tite  wrench. 

2.   A  greater  force  could  be  applied  with  a  spin-tite  wrench  than  with 

a  box-end  wrench* 

3.  The  socket  on  a  spin'^tite  wrench  cannot  be  removed  from  the  shank* 
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Answer  to  frame  25 


1*     ____        2.    3. 


FHAME  26 

Torque  wrenches  are  used  to  measure  torque  or  twisting  force  that  is  applied 
to  bolts  and  nuta  while  they  are  being  installed*    Some  wrenches  are  designed 
to  measure  £orque  in  inch  pounds^  others  in  foot  pounds*    There  arc  two  types 
of  torque  wrenches^  the  "T"  handle  and  the  automatic  release  or  break-away 
type*    On«  inodel  of  the  automatlc-release-torque  wrench  is  shown  in  figure  23. 
To  use  Itt  place  the  correct  sl^ed  socket  on  the  square  drive*  and  pull  the 
handle  until  the  wrench  clicks  or  '^breaks"  away.    The  wrench  should  not  be 
pulled  after  it  clicks. 


H — rgf 


AUTOMATIC  RELEASE  WRENCH 


SQUARE  OftlVE 


inJ  


'  T  HANDLE 
SQUARE  DRIVE 


Figure  23. 
Check  the  true  statement  or  statements. 

1*  Torque  wrenches  only  measure  tox^s*:"  in  foot  pounds* 


2. 

3. 
4. 


_Torque  wrenches  are  used  to  measure  the  twisting  force  applied  to 


nuts  or  bolts. 
Jfou  should  use  a  torque  wrench  to  loosen  a  nut. 


_Pull  the  automatic  release  handle  to  tighten  the  nut 
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Answer  to  frame  26 


1,    2.   3.    4.   i_ 

FRAME  27 

The  automat  Ic-release-t  or  que  wrench  has  a  micrometer  on  its  handle*  The 
micrometer  consists  of  the  shaft  scale  and  vernier  scale*    Referring  to 
figure  24»  notice  the  shaft  Is  graduated  In  30  Inch  (or  foot)  pounds.  The 
vernier  scale  Is  graduated  from  0  to  30  Inch  (or  foot)  pounds*    to  Increase 
the  wrench  torque  settings  turn  the  grip  clockwise*    To  reduce  the  torque 
settings  turn  the  grip  countercloclcwise*    Turning  the  grip  lengthens  or 
shortens  the  handle. 


Figure  24* 

Check  the  true  statemcmts* 

1.  The  vernier  scale  is  ntmibered  from  0  to  30* 


2.   To  increase  the  torque  settings  the  grip  is  turned  counterclockwise* 

3*   The  shaft  is  graduated  In  fifty  Inch  (or  foot)  pounds* 


27 


Anawers  to  Frame  27 

1.      /     2*  3*  / 


FRAME  28 

torque  wrenches  should  be  handled  like  any  other  precision  instrument* 
Each  wrench  has  its  own  storage  container,  and  should  be  calibrated 
(checked  for  accuracy)  every  30  days*    The  dated  tape  on  the  wrench 
(see  figv.^e  25)  indicates  the  date  the  wrench  is  due  its  next 
calibration*    If  the  wrench  is  dropped,  damaged,  date  tape  is  misBing, 
or  past  due,  the  wrench  must  be  recalibrated  before  it  is  used  again* 


^DATED  TAPE 

Figure  25* 
Check  the  true  statement  or  statements* 

1*          Torque  wrenches  should  be  calibrated  every  30  days* 

2*          If  a  torque  wrench  is  new,  it  need  not  be  calibrated  every  iO  days* 

3*  ^_  Torque  wrenches  are  precision  measuring  instruments* 
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Answers  to  Frame  28 


353 


1.  _/   2.           3*  _/ 

FKAHE  29 

Adjustable  torque  wrenched  should  be  stored  at  their  minimum  shaft  scale 
setting*    In  other  words,  when  you  have  finished  u^lng  the  wrench  you  should 
turn  the  grip  counterclockwise  to  Its  lowt^st  setting*    This  removes  the 
tension  from  the  spring  In  the  handle*    Ths  accuracy  of  spring  tension 
determined  the  accuracy  of  the  wrench* 


Check  the  true  statement  or  statements* 

^*    , .  ,     When  you  have  finished  using  a  torque  wrench  you  should  turn  the 
grip  counterclockwise  to  Its  lowest  setting* 

2*       ,  ,    The  accuracy  of  a  torque  wrench  is  dependent  upon  the  accuracy  of 
Its  spring  tension* 

3*  ,   When  you  f,1rlsh  with  the  torque  wrench  you  should  turn  the  grip  to 

Its  minimum  scale  setting* 


29 


Answer  to  frai&e  29 


FRAHE  30 

Wire  strippers  are  used  to  remove  Insulatioti  oaly  from  the  ends  of  electrical 
wires*    See  figure  26*    Several  holes  corresponding  to  various  wire  sizes 
are  in  the  cutting  edge  of  the  tool*    Care  nust  be  taken  to  Insure  that  the 
correct  hole  is  chosen  for  the  wire  being  stripped*    If  the  stripper  hole 
is  too  small»  some  wire  strands  may  be  cut* 

f 


Figure  26* 

Check  the  true  statements. 

1*  There  must  be  careful  selection  of  the  hole  on  the  wire  atrlpper 

for  the  wire  size  to  be  stripped. 

The  stripper  should  cut  completely  through  the  insulation* 

3*   A  stripper  is  a  handy  tool  for  removing  insulation  from  the  center 

of  a  length  of  wire* 
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Answers  Co  frame  30 


35"5 


1. 


2. 


3. 


FRAME  31 


Tou  may  use  a  pocket  knife  for  stripping  copper  wire  If  no  stripper  Is 
available.    Care  nust  be  taken  thoagh»  not  to  nick  or  cut  the  wire  strands. 
A  pocket  knife  Is  the  only  tool  that  should  be  used  for  stripping  Insulated 
aluminum  wire.    The  knife  must  be  used  so  as  nol;  to  nick  the  wire.  See 
figure  27.    Nicks  may  cause  the  wire  to  break  when  there  Is  vibration. 


Figure  27. 
Check  Che  true  stafement  or  statements. 

1.  A  pocket  knife  Is  the  best  stripping  tool  for  all  Insulated^wire. 

2.   A  pocket  knife  may  be  used  for  strlpplug  copper  wire. 

3.  The  stripper  is  not  recommended  for  stripping  insulated  aluminum 
wires. 


Answers  Co  frame  31 

1.  2.   i_        3.  / 


FRAME  32 

The  crimping  Cool  llluscraced  in  figure  28  should  be  used  for  connecclng 
(crimping)  preinsulaced  cerminaXs  Co  conduccors.    Other  crimping  cools  such 
as  Scskon  pliers  should  be  u»ied  Co  crisp  noninsulaced  Cerminals*  The 
insulaclon  on  Che  Cerminals  is  color  coded  according  co  Che  size  of  Che 
conduccors  Co  which  they  are  co  be  Joined*    The  inscrucclon  plate  on  cbe 
crimper  IndicaCes  which  of  the  nescs  should  be  nsed  for  various  sizes  of  wire. 


Pigure  28* 
Check  Che  crue  scatemenu  or  scacemencs* 

1.   Preinsulated  Cerminals  can  be  crimped  Co  a  conduccor. 


2,  Honinsulated  Cermiuala  can  be  critiqied  co  a  conduccor. 


3,  The  Instruccion  place  on  Che  crimper  indicaces  Che  pressure 

needed  to  crimp  cerminals  Co  wires* 
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Answers  to  frame  32 

1.  /  2.         /  3. 


FRAHR  33 

Check  the  true  stateiaents. 


1.  A  plastic  mallet  should  be  used  to  bend  or  form  hard  metal. 

2*   A  ball  peen  hammer  should  be  used  on  soft  metal. 

^*  You  should  not  attempt  to  repair  a  broken  haanner  handle. 

4*  you  should  not  use  a  hammer  with  a  loose  handle* 

5*  You  determine  the  size  of  a  screwdriver  by  measuring  the  length  of 

its  shank* 

6.  _You  should  select  a  screwdriver  according  to  the  size  and  type  of 

screw  recess. 

7*   A  screwdriver  can  safely  be  used  as  a  chisel  or  pry  bar. 

8.   A  screwdriver  should  not  be  used  aa  a  pry  bar  or  punch. 

*^  9.   You  should  never  use  a  pocket  knife  for  stripping  electrical 

conductors. 

10.  If  you  cut  some  wire  strands  with  a  stripper>  you  have  used  a 
stripper  hole  that  is  too  large. 

11.   Both  tips  of  an  offset  screwdriver  are  the  same  size. 

12.   ^Cold  chisels  should  be  frequently  sharpened. 

13.   A  centner  ,punch  has  a  sharp  point. 

14.  You  should  use  a  ball-*peen  hammer  and  center  punch  to  drive  a 
rivet  from  its  hole. 

15.   The  sharp  end  of  a  file  is  called  a  tang* 

16.   Round  holes  should  be  smoothed  with  a  flat  file. 

17.   A  vlae-grip  pliers  is  the  best  tool  to  loosen  a  tight  nut* 

18.   ^Cdnduit  pliers  are  adjustable. 

19.   Diagonal  pliers  should  be  used  to  cut  small  screws  and  bolts. 

20.   While  using  the  hacksaw,  most  of  the  force  you  exert  should  be 

downward,  on  the  blade. 

21.   You  should  use  a  large  toothed  hacksaw  blade  when  cutting  thin  metal. 

22*        „„,A^  open-end  wrench  should  not  be  used  where  it  is  possible  to  use 

a  box-end  wrench. 

23.   A  crimping  tool  is  used  to  remove  a  terminal  from  a  conductor. 

2^*  The  number  stamped  on  a  socket  refers  to  the  size  of  nut  the 

socket  fits. 

25.   The  square  hole  in  a  socket  fits  on  the  nut. 

26.   The  ratchet  handle  can  be  used  to  drive  In  both  directions* 

27.   The  ratchet  handle  is  designed  to  be  used  In  close  quarters. 

28.   A  spln-tite  wrench  is  the  best  tool  for  removing  nuts  on  electrical 

terminal  strips. 
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^5? 

29-         ^  Torque  wrenchea  oaly  measure  torque  ixx  Inch  pounds, 
30,  Torque  wrenches  should  be  calibrated  every  two  weeks, 

31  If  you  drop  a  torque  wreach*  you  should  have  It  calibrated  before 

reusing  it*  , 

32*  When  you  have  finished  using  a  torque  wrench  you  should  turn  the 

grip  fully  counterclockwise. 


If  you  missed  any  of  the  above  statements,  re^tudy  the  relevant  material 
in  this  text. 


Answers  to  Frame  33 
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SECTION  A 


USING  THE  TORQUE  WRENCH 


OBJECTIVES 

Civea  a  handtool  trainer »  handtools,  and  torque  wrench,  torque 
bolts  to  specified  values  in  accordance  with  procedures  listed  In 
Section  A  of  the  workbook*    'All  of  the  responses  must  be  answered 
correctly  (100%)* 

EQUIPMENT 


PROCEDURE 

At  various  places  in  this  section  you  will  be  required  to  respond 
by  answering  questions  or  by  following  instructions  and  making 
comparisons* 

Caution:    Remove  your  jewelry  before  starting  this  lab* 

1*      Ask  the  instructor  to  assign  you  a  trainer  and  the  tools 
required*    Check  the  equipment  list  to  determine  that  you  have  all  the 
tools  required* 

2*      Remove  the  torque  wrench  from  its  case,  check  its  verification 
due  date*    Is  it  overdue  verification?    (Yes) (No) 

3*      Look  at  the  torque  wrench  shaft  scale  and  fill  in  the  blank* 
a*      The  torque  wrench  measures  torque  values  in 
  pounds* 

4*      The  locking  device  on  the  wrench  handle  locks  the  grip  so  the 
torque  Setting  cannot  accidentally  change  as  you  use  the  wrench*  To 
unlock  your  wrench,  the  lock  must  be: 


Basis  of  Issue 
1/ student 
1/student 


Torque  Wrench 

Proper  size  socket  and 


hinge  handle 
Trainer 


1/student 


b* 


turned  to  the  right  (CW) . 

pulled  toward  the  rear  on  the  hand  grip* 


OPR:  3360  TCHTG 
DISTRIBUTK.N:  X 

3360  TCH*:G/TTGU-F  "  200;  TTVSA  -  1 
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Note;    Before  you  can  lock  the  grip  you  must  center  a  vernier 
scale  index  (0,  5,  10,  15»  20*  etc.)  exactly  on  the  shaft 
index  line^    It  these  two  Indexes  are  not  aligned  perfectly*  the 
locking  device  cannot  be  placed  in  the  lock  position. 
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Figure  1*    Torque  Wrench  Scales* 

5*      Adjust  the  torque  wrench  grip  as  shown  in  figure  1A»  then 
try  to  lock  the  grip* 

a*     Could  you  lock  the  grip?    (Yes) (No) 

6*      Adjust  the  torque  wrench  grip  as  shown  in  figure  IB  and 
try  to  Lock  the  grip* 

a*      Could  you  lock  the  grip?    (Yes) (Wo) 

7*      Adjust  the  grip  as  shown  in  figure  IC  and  try  to  lock  the 

grip* 

a*      Could  you  lock  the  grip?    (Yes) (No) 

S*      Adjust  the  grip  as  shown  in  figure  ID  and  try  to  lock  the 

grip* 

a*      Could  you  lock  the  grip?    (Yes) (No) 

9*      Rotate  the  hand  grip  clockwise  until  the  forward  edge  of 
tue  vernier  scale  is  aligned  with  the  200  on  the  shaft*    The  "0"  of 
the  vernier  scale  will  be  aligned  with  the  shaft  index  line*  The 
^^rrench  is  now  set  to  "breakaway"  at  exactly  200  inch-pounds. 

10*  Lock  the  grip  at  exactly  200  inch-pounds;  this  will  prevent 
a  change  in  the  setting  as  you  use  the  wrench* 

11*     Attach  the  socket  to  the  square  drive  on  the  end  of  the 
torque  handle* 

Caution:    Do  not  uae  the  wrench  until  properly  briefed  by 
your  instructor* 
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12.  Call  the  instructor  to  check  your  setting*    You  will  be 

'  told  what  bolts  you  ars  to  torque  and  the  instructor  will  demonstrate 
the  proper  use  of  the  wrench. 

13,  Position  yourself  near  the  trainer  so  you  can  comfortably 
reach  the  bolts  the  instructor  told  you  to  torque. 

lA*      Finger  tighten  all  bolts  until  they  are  SNUG* 


15,  Holding  the  torque  wrench  as  shown  in  figure  2  and  using  a 
steady,  sTuocth  pull,  pull  the  handle  toward  you  until  you  reach  the 
torque  setting,    Whsn  you  reach  the  correct  torque,  the  handle  will 
click*    This  is  known  as  "breakaway*"    (It  feels  like  the  wrench 
has  slipped*)    DO  NOT  PULL  BEYOND  THIS  POII?T*    The  click  indicates 
the  bolt  has  been  torqued  to  200  inch-pounds* 

16,  Torque  the  other  bolts  you  were  instructed  to  use  in  the 
saine  manner* 

17*      After  torqueing  all  the  bolts,  remove  the  socket  from  the 
torque  wrench*    Place  it  on  the  hinge  handle  and  loosen  the  bolts 
you  just  finished  torqueing, 

18*      Pl^k  up  the  torque  wrench  and  unlock  the  handle  grip* 

19.  Turn  the  grip  back  until  the  150  inch-pound  index  is 
exposed,  then  set  the  grip  to  exactly  175  inch-pounds,  (figure  3)* 
After  you  have  done  this*  check  the  illustration  below  to  see  if 
your  handls  setting  is  exactly  the  same;  150  on  the  shaft  scale  plus 
25  on  the  vernier  scale  =»  175  inch-pounds. 

20.  Lock  the  grip.    Place  the  socket  on  the  square  drive • 
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Figure  3* 

21*     Have  the  instructor  check  your  setting  before  torqueing 
any  bolts* 

22,      Torque  the  bolts  designated  by  the  instructor  to  the  break- 
away point  (175  inch-pounds)*    You  may  go  back  to  any  step  in  this 
project  that  will  clear  up  any  doubts  you  have* 

23*      Loosen  the  bolts  using  the  hinge  handle  and  socket* 


Figure  4* 

24.      Using  the  procedure,  steps  16  through  19,  set  the  wrench 
at  105  inch"pounds*    Check  the  accuracy  of  your  setting  by  referring 
to  the  illustration  below  (figure  4)* 

25*  Have  the  instructor  check  your  setting  before  torqueing  any 
bolts* 

26.      Torque  the  bolts  designated  to  exactly  105  inch-pounds* 

27*      You  now  have  correctly  torqued  the  bolts  at  three  different 
settings  and  in  each  case  using  the  proper  procedures*    Did  you 
recognize  that  there  is  a  difference  in  pull  required  for  each 
setting?    (Yes) (No) 

28*      Using  the  socket  and  hinge  handle,  loosen  the  bolts  you 
torqued  on  the  trainer. 

29,      Remove  the  socket  from  the  hinge  handle  and  place  on  the 
bench* 
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30.      Set  the  torque  handle  to  its  LOWEST  7,NDICATED  SETTING^ 
This  is  important  since  it  relieves  the  tension  on' the  handlers 
internal  mechanism^ 


31,      Inform  the  instructor  that  you  have  completed  this  project 
and  have  him  check  the  setting  on  your  wrench. 

32*  Put  the  torque  wrench  back  in  its  protective  metal  case  and 
place  on  the  table  with  the  hinge  handle  and  socket* 

33*      Proceed  to  the  next  page  and  start  your  safety  wiring 
proj ects. 


SECTION  B 
SAFETYING  DEVICES 


OBJECTIVES 

Given  a  handtool  trainer,  handtools  and  materials,  accomplish 
safeCying  projects  in  accordance  with  procedures  listed  in  Section  B, 
projects  I,  II,  III,  IV  and  V  of  the  workbook*    All  of  the  responses 
must  be  answered  correctly  (100%). 

EQUIPMENT 

Steel  safety  wire  *032*' 
Copper  safety  wire  *020" 
Trainer,  safety  wire 
Diagonal  cutter 
Duckbill  pliers 
Cotter  key 
Safety  goggles 

PROCEDURE 

You  will  be  required  to  follow  each  step  in  the  text*    You  will 
make  a  check  (/)  indicating  completion  of  each  step* 

Caution:    You  are  required  to  wear  safety  goggles  during  this 
entire  project*    Exercise  extreme  caution  during  this  exercise 
to  prevent  cuts  by  sharp  safety  wire  ends* 

PROJECT  I 

In  Section  A  you  learned  to  torque  bolts  to  insure  uniform  tight- 
ness.   Now  you  will  follow  directions  to  safety  different  items  to 
insure  they  do  not  vibrate  loose  during  operation  and  cause  system 
failure* 

Put  on  the  safety  goggles*    Read  each  step  to  determine  what  you 
are  to  do,  then  complete  that  part  of  the  project*    In  Project  I  you 
will  safety  wire  three  bolts  using  the  double  twist  method* 


Basis  of  Issue 
As  required 
As  required 
l/student 
l/student 
l/student 
As  required 
l/student 
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Figure  5* 


^li      Cut  a  piece  of  *032  steel  safety  wire  approximately  3-^1/2 
times  the  length  to  be  safetyed,    DO  NOT  EXCEED  24  INCHES - 

Caution;    Observe  how  the  spool  of  wire  is  held  so  the  wire 

will  not  spring  out  around  the  spool,  or  spring  up  and 

hit  you  in  the  eyes  while  you  are  cutting  the  wire«  This 

is  one  reason  you  are  required  to  wear  the  safety  goggles  while 

working  with  safety  wxre« 
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Figure  6* 


1*     Thread  che  wire  through  the  hole  In  the  bole  head  until 

the  wire  on  both  sides  of  che  bolt  head  Is  of  equal  length. 
Thread  the  wire  so  chat  It  will  become  more  taut  If  the  nut 
starts  to  loosen. 

Caution;    When  using  the  duckbill  pliers,  make  certain  you 
always  grasp  the  tip  o£  ^che  wire.    Using  pliers  at  any  oLher 
point  on  che  wire  nicks  the  wire,  and  causes  It  to  become  weak 
at  that  point. 
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Figure  7* 

3*     Pull  tha  left  end  of  the  wire  around  the  bolt  head  in  a 
clockwise  direction^  and  under  the  right-haftd  wire*  Pull 
tightly  with  the  duckbill  pliers  so  that  the  wire  conforms 
to  the  shape  of  the  hex  head  bolt* 
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Figure  8. 

4.      Pull  Che  two  ends  90"^  to  Che  hole  in  the  bolt  head»  and 

twist  in  a  clockvise  direction*    Be  sure  that  the  first  twist 
begins  at  the  drilled  hole*    tlake  three  twists  at  this  angle 
while  pulling  firmly.    Twist  the  wire  together  so  that  it 
is  tight  but  do  not  overstress  the  wire*    It  may  break  under 
load  or  vibration. 
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Figure  9. 

5.      Continue  twisting  and  pulling  in  the  direction  of  the  next 
bolt  until  the  twist  reaches  the  closest  hole  on  the  left 
side  of  the  nearest  bolt  head*    The  top  wire  should  be  one 
twist  short  of  the  hole  In  the  bolt  head  before  inserting 
the  wire.    If  the  twisted  part  of  the  wire  is  too  short, 
make  one  more  twist,  and  check  for  the  correct  length. 
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Figure  10. 

Pull  the  bottom  wire  away  from  the  second  bolt  head  with  the 
Ifift  hand,  and  insert  tip  of  the  top  wire  through  the  hole 
in  the  bolt  head* 
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Figure  11 • 

7.     Grasp  the  tip  of  the  wire  with  the  duckbill  pliers,  and 
pull  it  through  the  hole  until  the  twisted  part  of  the 
wire  between  holes  is  tights 

Caution;    If  you  pull  too  tightly,  the  wire  may  break.  Do 
not  allow  the  right  wire  to  kink  as  you  pull* 
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Figure  12. 

While  keeping  tension  on  the  wire  extending  through  the 
hole  in  the  bolt,  pull  the  other  wire  snugly  around  the 
bolt  in  a  counterclockwise  direction,  and  pass  it  under 
the  wire  extending  through  the  hole  in  the  bolt  head» 


Figure  14. 

Continue  twisting  the  wire  and  pulling  it  toward  the  next 
bolt.    The  top  wire  should  be  one  twist  short  of  the 
hole  in  the  bolt.    If  this  twist  is  too  far  from  the  hole, 
twist  the  wire  once  more.    Constantly  check  the  length  so 
that  you  will  not  get  it  too  long* 
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Figure  15 • 


PuXl  the  wire  away  from  the  second  bolt  head,  and  insert 
the  bottom  wire  through  the  hole  in  che  third  bolt* 


18 


4 


37? 


Figure  16* 

12.      Full  the  left  wire  snugly  around  the  bolt  head  In  a 
counterclockwise  dlr&ctlon^  and  undar  >the  oth&r  vlr&« 
Twist  the  wire  counterclockwise  at  least  five  turns. 


Figure  17, 

13.      Use  the  duckbill  pliers  for  the  final  twists  of  the  wlvre 

for  the  purpose  of  applyl-i^  tension*  Twist  wires  together 
3/4  to  1  Inch  away  from  bolt. 
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Figure  18. 

14.      Cut  the  twisted  wire  1/4  to  1/2  inch  from  the  bolt  head, 
this  leaves  the  two  ends  o£  the  wire  twisted  together  and 
easy  to  keop  hold  of.  ^ 
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figure  19- 

15.      Usiag  the  duckbill  pliers >  bend  the  end  of  the  twisted  wire 
counterclockwise  around  the  bolt  head  so  that  the  sharp  ends 
will  snag. 


 16.      Your  safecying  job  is  finished.     It  should  look  like  the 

illustratioa  above.    Ask  your  instructor  to  check  your 
work. 

17.      If  necessary,  resafety  the  opposite  three  boles  for  practice^ 
and  again  have  your  instructor  check  your  work* 

Instructor's  Signature   


18*      Remove  the  safety  wire  from  the  trainer  and  clean  up  all 
the  scraps  and  plac&  in  m&tal  trash  can  (foreign  object 
container) . 

Note;    Wh&n  removing  safety  wire  always  try  to  cut  to  keep  all 
pieces  of  wire  twisted  together  in  one  piece*    One  small  piece 
of  wire  lost  in  the  aircraft  could  cause  a  short  and  possible  loss 
of  the  aircraft. 

Have  the  instructor  show  you  which  bolt  you  are  to  use  for 
Project  II>  Cotter  Key  Installation* 
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PROJECT  II 
INSTALLATION  OF  COTTER  KEY 


Figure  20. 

Observing  A  and  6,  in  figure  20,  place  a  cotter  pin  in  the  nut  and 
bolt  on  the  trainer  by  following  the  steps  listed  below. 

The  following  procedures  will  guide  you  in*this  operation.  Place 
a  (/)  on  the  blanks  as  you  perform  the  steps. 

1.      Insert  the  cotter  pin  in  the  hole  in  the  bolt. 

 2 .      Bend  the  ends  of  the  cotter  pin  slightly.    Hold  the  cotter 

pin  so  that  it  will  not  be  forced  back  in  th^  hole. 

 ^3.      Cut  the  end  of' the  cotter  pin  with  diagonal  cutting  pliers 

to  the  approximate  length  to  fit  the  nut  as  shown  in 

figure  A.    In  the  interest  of  safety,  hold  your  hand  over  the 

pin  while  cutting. 

 A*      Fully  bind  the  ends  of  the  cotter  pin;  one  against  the  nut 

and  the  other  against  the  end  of  the  bolt,  as  shown  in 
figure  B  above* 

 5.     After  you  '„ave  installrd  a  cotter  pin  that  resembles  the 

illustrations  above,  ask  your  instructor  to  check  your  work. 
If  necessary,  use  a  new  cotter  pin  and  do  the  job  again. 

6^     When  you  are  satisfied  you  have  properly  completed  the  task, 
have  your  instructor  inspect  your  work,  and  sign  below. 

Instructor's  Signature  

7.      Remove  the  cotter  pin  from  the  trainer.    Clean  up  all  scrap 
metal  and  deposit  in  FO  (foreign  object)  container* 

Have  the  instructor  show  you  what  you  are  to  do  for  Project  III- 


PROJECT  III 


Some  electrical  connectors  used  in  axrcrafc  are  safecied  with 
safecy  wire*    Use  *032  steel  safety  wire  and  the  double  twist  method 
to  safety  nhe  connector  as  shown  below* 


VERTlCALVtEW 


eCNO-WTAit"     HORIZONTAL  VIEW 

A/WHO  SCDEW 

TD  P^tOTECT  PERSONNEL 


BtHO  PIGTAILS  TO  . 
PROTECT  PERSONNEL 

t 


COUPLINO-NUT 


VOU  WILL  INSTALL  TH(S 
SAFETY  WIRE 


Figure  21* 

The  following  procedure  will  guide  you  in  safetying  a  connector 
plug*    Place  a  check  C*^)  on  the  blanks  as  you  perform  the  steps* 

 ^1*      Thread  the  wire  through  the  hole  in  the  coupling  nut* 

 2*     Twist  the  wire  by  hand  in  a  clockwise  direction* 

^  3*      Continue  twisting  and  pulling  the  safety  wire  in  the 

direction  of  a  fillister  head  screw  so  that  the  wire  will 
hold  the  coupling  ring  tight* 

 4*      Insert  the  top  wire  through  the  fillister  head  screw  so  that 

it  pulls  this  screw  in  a  tightening  direction  (clockwise)* 

 5*      Bend  the  bottom  end  of  the  wire  around  the  fillister  head 

screw^  and  pass  it  under  the  other  end  of  the  wire*  See 
'*B**  above* 

6*      With  the  duckbill  pliers,  twist  the  ends  of  the  wire  counter- 
clockwise to  form  a  pigtail  1/4  to  1/2  inch  long* 

 7*      Bend  the  pigtail  counterclockwise  around  the  fillister  head 

screw  to  eliminate  the  possibility  of  snags* 

 8*      Have  the  instructor  check  your  work* 

9*      Remove  the  wire  from  the  trainer  and  deposit  in  FO  container* 

Have  the  instructor  show  you  what  to  do  for  Project  IV, 
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PROJECT  IV 

SINGLE  WIRE  METHOD 

One  application  of  the  single  wire  method  is  shown  in  the  figure 
below*    The  single  wire  method  is  simpler  chau  the  double  twist  iLethod* 
It  may  be  used  when  the  screws  are  arranged  in  a  closed  geometrical 
pattern* 


0)   (2) 


Figure  22,    Top  View  of  Connector  Plug* 

Observe  the  figure  above  and  safety  the  base  of  the  connector 
plug  on  the  trainer  using  *032  inch  diameter  carbon  steel  safety  wire 
by  completing  the  following  steps.    Check  each  step  as  it  is  completed* 

 1*      Thread  the  wire  through  the  hole  in  screwhead  (l). 


2*      Thread  wire  through  screws  in  such  a  manner  that  if  a  screw 
begins  to  loosen »  force  will  be  applied  in  the  tightening 
direction  to  another  screw  (2  or  4)* 

3,     After  threading  the  wire  through  screw  hole  (3) »  use  pliers 
to  twist  the  wire  counterclockwise  to  £orm  a  pigtail  1/4  to 
1/2  inch  long  and  secure  pigtail  (direction  of  arrow)  to 
protect  personnel* 

4*     Have  your  instructor  check  your  work* 

5,      Remove  the  safety  wire  from  the  trainer  and  place  in  FO 
container* 
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PROJECT 

SAFETYING  eiERGENCY  SWITCH  COVERS 


EMERGENCY  DEVICE 
SWITCH  COVER 

Figure  23.  ^ 

Observitig  figure  23,  safety  the  emergency  device  switch  cover  on 
Che  trainer.    Use  0.020  inch  diameter  copper  wire*    All  emergency 
devices  (fire  extinguishers,  oxygen  regulators,  emergency  jettison  of 
tanks,  bombs,  etc«)  will  use  this  type  and  size  wire*    The  reason  for 
using  0«020  copper  wire  is  so  the  pilot  can  break  it  when  he  has  a 
critical  need  to  use  the  switch. 

Note:    The  pilot  will  HOT  break  the  safety  wire  without  LOOKING 
and  KNOWING  which  switch  will  correct  the  emergency  condition. 

Check  each  step  as  it  is  completed* 

 1*      Thread  one  end  of  the  wire  through  hole  in  the  switch 

cover,  then  bring  the  end  around  (counterclockwise)  to  meet 
the  wire*    Twist  three  (3)  turns  around  the  wire* 

 2.      Thread  the  other  end  of  the  wire  through  the  hole  in  the 

fastener  screw.    Then  repeat  step  I. 

 3*      Cut  the  excess  wire  off  of  each  end* 


 ^4*      Bave  your  instructor  check  your  work* 

Instructor's  Signature:   

5*      Remove  the  safety  wire  from  the  trainer  and  place  in  FO 

container*    Have  your  instructor  check  your  table  and  sign 
off  your  criterion  check*    Return  to  the  reading  room  and 
start  your  next  project* 
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SECTION  C 

Before  you  can  do  any  soldering  or  installing  solderless  con- 
nectors>  you  must:  reiDOve  the  insulation  from  the  end  of  the  electrical 
wire  with  a  si-ripping  tool*    A  step  by  step  procedure  for  stripping, 
preparing  a  soldering  iron,  soldering  and  installing  solderless  con- 
nectors will  follow*    Read  and  follow  all  instructions  carefully^  If 
you  have  any  doubt  concerning  the  instructions,  etc*,  do  not  hesitate 
to  ask  the  instructor  for  clarification* 

Report  to  the  instructor  and  he  will  sign  you  out  to  the  lab* 

Report  to  the  instructor  in  the  lab  area. 

To  make  sure  you  have  each  item,  place  a  check  in  the  blank 
provided  as  you  get  each  item* 

 1*  Stripping  tool* 

 2*  Crimping  tool* 

3*  Soldei^ing  iron* 

4*  File* 


5*      File  card* 


6*      Diagonal  cutter*  ^ 
7*      Soldering  paste* 

The  following  items  should  be  found  on  the  worktable: 
_1*      Electrical  connector  plug* 

2*      Electrical  wires  (4  each). 


3*      Solder  (1  spool)* 

4*      Solderless  connectors* 


 ^a*      Terminal  lug  (1  each)* 

 ^b*      Splice  (1  each), 

5*      Fabric  board  (1  each)* 


6*  Connector  plug  holder  (vice  or  plug  holder)* 
7*      Soldering  iron  holder. 


8*      Wiping  cloth  or  sponge* 

9,      Iisulation  sleeve  (if  applicable)  (2  each). 


10*      Rule  (1  each)* 
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PROCEDURE 


3^^ 


You  should  read  each  exercise  throi 
to  perform  the  the  task*  The  instructo 
during  your  performances. 

Exercise  . 

Procedure  for  stripping  wire 
with  a  hand  stripper. 

Refer  to  figure  24, 

Note:    Answer  all  questions.  Cor- 
rect answers  will  be  listed  at 
the  end  of  this  exercise* 

a.      Take  one  of  the  four  //20 
size  copper  wires  and  practice 
using  the  stripping  tool  for  removing 
correct  lengths  of  insulation. 
Insert  wire  (step  a>  figure  24) 
into  exact  slot  for  wire  size  to 
be  stripped  (each  slot  is  marked  with 
wire  size) * 

(1)    What  slot  size(s) 
should  you  use? 

Answer ; 


b*      To  remove  the  desired 
length  of  insulation  (step  a)  extend 
the  amount  of  wire  to  be  stripped 
beyond  cutting  slot  edge»    See  Note 
No,  1  and  Table  lA  and  5  (page  26). 

(1)  For  "soldering/'  what 
should  be  the  length  between  the  top 
of  cup  and  the  wire  insulation? 

Answe  r :   


(2)    For  solderless 
terminal  lugs  (#22  -  tfl4)  what  is 
the  stripping  length? 

Answer;   


(3)    For  solderless  splices 
what  is  the  stripping  length? 

Answer:   


27 


,gh  completely  before  attempting 
will  observe  and  grade  you 


eg  CAREFUU  MOT  TO  WrCK  OR  CUT  STRAMDS 
STEP  b 


STEP  c 


Figure  24 • 


Note  No.  1 

The  stripped  portion  of  the  wire  should  be  such  that  when  it 
bottoms  in  the  solder  cut  there  will  be  a  gap  of  approximately  one 
wire  thickness  between  the  top  of  the  cup  and  the  insulation. 


Example; 


ONE  WfR£  THICKNESS 


INSULATION 


SOLOEfl  CUP 


BOTTOM  OF  CUP 


c.  Now*  after  determining  the 
length  of  insulation  to  remove*  close 
handles  together  (step  b»  figure 

24)  as  far  as  they  will  go  to 
remove  insulation. 

d.  Release  handle s»  allowing 
wire  holder  to  return  to  open 
position  (step  c»  figure  2A) . 

e.  Remove  stripped  wire 
(step  c,  figure  24)  from 
stripper  and  examine  wire  for 
nicked  or  broken  strands.. 
See  tabl^  2. 

(1)    Fcr  the  wire 
size  you  are  using*  how  many 
nicked  or  broken  strands  are 
allowed? 

Answer; 


(2)  For  aluminum  wire* 
how  many  strands  can  b^  nicked  or 
broken? 

Answer: 


A 

Wire  Stripping  Lengths  for  Small 
Copper  Terminal  Lugs 

Wire  Size 

Stripping  Length 
.  (in  Inches) 

m  &  no 
m  -  m 
m  &  m 

5/32 
,  3/16 
1/4 
9/32 

B 

Stripping  Length  for  Small  Copper 
Sp  lice  3 

Wire  Size 

Stripping  Length 
(inches) 

26  -  24 
22  -  U 
12  -  10 

5/32 
7/32 
5/16 

(3)    If  above  tolerance 
is  not  met»  cut  the  wire  end  and 
strip  again. 


Table  1*    Stripping  Length  for 
Solderless  Connectors . 


4: 
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Wire 

Copper 

AN  #22  -  m 

no 

^2    -  #0 

Aluminum,  all 
sizes 


tricked  or  Broken 
Strands 

None 

2 
4 

12 

None 


Table  2.    Allcwable  Nicked 
or  Broken  Strands. 
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Note: 


1.      Longitudinal  scratches  in  copper  wire  are  not  considered 
cause  for  rejection  or  rework. 

2*     Make  sure  insulation  is  clean-cut  with  no  frayed  or  ragged 
edges*    Trim»  if  necessary. 

3.      Make  sure  all  insujation  is  removed  from  stripped  area* 
Some  types  of  wires  are  supplied  with  a  clear  transparent 
layer  between  conductor  and  primary  insulation.    If  this  is 
present,  remove  it.  ^ 

4*      Retwist  strands  by  hand,  if  necessary,  to  restore  natural 
lay  and  tightness  of  strands* 

f.      Now  the  instructor  will  grade  you  as  you  take  the  three 
remaining  wires  and  accomplish  the  following  by  stripping: 

(1)  One  end  of  each  of  the  three  wires  for  "soldering." 
Strip  to  9/32". 

(2)  The  opposite  end  of  ONE  wire  for  a  "terminal  lug*" 
Strip  to  3/16". 

(3)  The  opposite  end  of  the  OTHER  two  wires  for  a  "splice." 
Strip  to  7/32". 


Answers  to  Exercise  1:    a(l)    18  -  20    b(l)    1/32"    b(2)  3/16" 

b(3)    7/32^'    e(l)    None    e(2)  None 
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Exercise  2 

Preparing  Che  Soldering  Iron 

Before  us^ng  the  soldering  iron,  if  the  iron's  tip  is  a  dull, 
scaley-brovn  color,  it  should  be  prepared  as  follows: 

a.     With  the  iron  shut  off,  file  each  working  surface  of  the 
iron's  tip  with  a  file  until  it  is  smooth  and  of  a  bright  copper 
color  (CHECK  WITH  INSTRUCTOR  BEFORE  ACCOMPLISHING  THIS  STEP).  Remove 
copper  fuzz  from  dressed  edges  with  a  file  card*    See  figure  25* 


BEFORE  AFTER  FILING 

CLEANING  AND  RETINNING 

Figure  25. 


Note:    Soldering  iron  tips  coated  with  pure  iron  are  not  to  be 
fil^d*    If  the  tip  is  brown  in  color  and  pitted,  replace  it* 

b*      Plug  in  the  iron  and  apply  core  (rosin)  solder  just  as  Che 
bright  dressed  copper  color  is  turning  to  pigeon-blue,  bronze  oxide 
color*    This  will  allow  the  flux  to  *Vet^*  and  clean  the  working  area 
of  the  tip*    The  solder  will  melt  and  form  an  even  bright  silver  coating 
on  the  tip*    This  process  is  called  "tinning*"    See  figure  25* 

ROSIN-CORE 


80TE!  TIN  WHILE  IRON  IS  HEATING 
Figure  26.  * 

Caution;  Do  not  allow  iron  to  come  up  to  full  temperature 
before  starting  the  tinning  operation* 


41  • 
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Figure  27* 

c.     Wipe  off  excess  solder  with  a  damp  sponge  or  a  cloth*  See 
figure  27. 

Caution:    Never  shake  or  "whip*'  an  iron  to  get  rid  of  dross 
(scum  that  forms  on  molten  metal)  or  excess  solder  droplets. 

Exercise  3 

Solder  Wires  Into  Electrical  Connector 

With  the  clean  tinned  soldering  iron  proceed  as  follows: 

a*     Apply  solder  paste  and  tin  the  three  wire  ends  you  previously 
stripped  to  9/32"*    Hold  the  wire  to  the  flat  portion  of  the  soldering 
iron  tip  and  ^pply  a  small  astount  of  solder  to  the  wire*    See  figure 
28*    The  instructor  will  demonstrate^  if  necessary* 


Figure  ^'28.    Tinning  Wire* 

Note:    Before  each  application*  wipe  the  soldering  iron  tip  with 
a  damp  sponge  or  clcth*    This  will  remove  surface  dross  and  excess 
solder  from  the  tip* 
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Tin  the  three  cups  as  shown  in  fXgure  29*    Place  the  soldering 
iron  tip  agaJlnst  the  bottom  of  the  cup  and  apply  solder  at  the  exact 
point  on  the  cup  opposite  the  iron*    DO  NOT  OVERFILL  CUPS* 


Figure  29*    Tinning  Solder  Cup. 

Note:    During  the  soldering  exercise  do  not  let  the  iron  overheat* 
If  the  iron  overheats,  the  tip  should  be  retinned* 

c*      Solder  the  pre-tinned  wires  into  the  electrical  connector 
plug  in  the  following  sequence: 

(1)  Heat  the  pre-tinned  cup  *'A"  until  the  solder  is  melted. 
Insert  the  9/32**  end  of  the  pre-tinned  wire  in  cup  "A/*    Remove  the 
soldering  iron  tip  from  the  cup  while  holding  the  wire  firmly  in  place* 

(2)  Heat  the  pre-tinned  cup  *'B*  until  the  solder  is  melted* 
Insert  the  9/32"  end  of  the  pre-tinned  wire  in  cup  **B**'    Remove  the 
soldering  iron  tip  from  the  cup  while  holding  the  wire  firmly  in 
place* 

THE  ABOVE  TWO  WIRES  WILL  BE  SPLICED  TOGETHER  IN  EXERCISE  4, 
STEP  2 

(3)  Heat  the  pre-tinned  cup  "C*  until  the  solder  is  melted* 
Insert  the  9/32"  end  of  the  pre-tinned  wire  in  cup  **C.**    Remove  the 
soldering  iron  tip  from  the  cup  while  holding  the  wire  firmly  in 
place* 

THIS  WIRi  WILL  BE  USED  TO  APPLY  A  TERMINAL  LUG  IN  EXERCISE  4  STEP  1 

421: 
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Figure  30, 


Note:    Do  not  hold  iron  against  cup  any  longer  than  is  required 
to  melt  the  solder  in  the  cup  and  on  the  wire. 

d.      Now,  inspect  the  soldered  joints  for  excessive  solder  or 
flux,  burned  insulation^,  solder  covering  entire  length  of  exposed 
wires,  and  cold  solder  joints,  figure  31,    Other  than  excessive  solder 
or  flux,  a  resoldering  job  is  required* 


BAD 

Figure  31, 
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If  you  had  many  wires  Co  solder  into  a  connector  plug^  a  sold&ring 
se<juence  should  be  used  (figure  32)  • 


Figure  32. 


Exercise  4 

Installing  Solderless  Connectors 

1,      You  are  going  to  install  solderless  connectors  on  the  ends 
of  the  three  wires  you  just  soldered  into  the  electrical  connector* 
The  first  installation  will  be  the  terminal  lug,  so  proceed 
as  follows: 

a*      Insert  the  terminal  lug  tongue  first  into  the  jaws  of 
the  crimping  tool*    Insure  that  the  terminal-  lug  barrel  butts  flush 
against  the  locator*    See  figure  32  for  correct  insertion* 

(1)    For  the  si*,a  wire  you  are  using,  what  nest  should 

you  use? 

Answer :   


MS25037 


3^3 


UPPER  NEST 

LOWER  NEST 
LOCATOR 


TERMINAL  TONGUE 
FLAT  ON  LOCATOrt 


TERMINAL  BARREL  BUTTS 
AGAINST  LOCATOR 


Figure  32.    Insertion  of  Terminal 
Lug  Into  Crimping  Tool* 

b*  Squeeze  the  crimping  tool  handles  slowly  until  the  tool 
jaws  hold  the  terminal  lug  barrel  frimly  in  place»  but  without  denting 
±c*    Release  the  handles.^ 

(1)    When  the  handles  were  released*  was  the  terminal 
lug  still  held  firmly? 

Answer :     


c*      Insert  the  exposed  wire  end  that  was  stripped  for 
"terminal  lug*'  into  the  terminal  lug  barrel  until  the  wire  insulation 
butts  flush  against  the  end  of  the  barrel* 

d«      Squeeze  the  tool  handles  until  the  ratchet  releases* 

e.      Remove  the  completed  assembly  from  the  crimping  tool 
and  examine  visually  for  the  following; 

(1)  Indent  centered  on  the  terminal  lug  barrel. 

(2)  Terminal  lug  barrel  for  cracks* 

(3)  Terminal  lug  insulation  for  cracks. 

(4)  Insulation  grip  for  criirp. 

Note:    The  Instructor  will  inspect  the  terminal  lugs  for  the 
above  defects.    If  any  defects  are  found,  the  terminal  lug 
should  be  cut  off  and  another  one  installed* 
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1*      For  installing  solderless  splices,  refer  configure  10  and  pro- 
ceed as  followsi 


a*      Swing  the  locator 
(stop  plate)  used  for  Installing 
cenninal  lugs  out  of  the  way. 
See  figure  33a* 


STOP  PLATE 
SWUNG  DOWN  OUT  OF  WAY 


b*      Position  the  splice 
In  the  correct  die  nest  as 
indicated  by  the  "Instruction 
Plate**  for  the  size  wire  you  are 
using  (exercise  1,  para  a)  so 
that  side  of  splice  to  be  crimped 
is  on  the  uonical  die  side 
(figure  33b  and  c>  of  th<a  locator 
groove • 

c*      Squeeze  the  crimping  tool 
handles  until  the  dies  hold  the 
splice  firmly  in  place,  but  without 
denting  it* 

d*      Insert  wire  into  the 
"wire  in*'  side  of  splice 
(figure  33d)  so  that  the  stripped 
wire  butts  against  the  stop  in  the 
center  of  the  splice*    This  can 
be  seen  through  ^he  splxce  inspection 
window  (figure  33c)* 


MS2S037 


CONtCAL  DIE 


FLAT  DIE 


LOCATOR  GROOVE 


LOWEA  DIE 
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INCOftftECT 

Figure  33,    Locating  Splice  in 
Crimping  Tool* 


39^ 

Crimp  by  closing  the  tool  handles;  the  tool  will 
not  open  until  full  crimping  pressure  has  been  applied* 

After  crimping,  check  that  the  wire  end  is  still 
visible  through  the  inspection  window  and  visually  examine  the 
splice  for  the  indications  outlined  in  exercise  A,  step  le, 
items  1  through  4. 

THE  IHSTRUCTOR  WILL  IHSPECT  THE  SPLICE. 

Now,  desolder  the  three  wires  in  the  electrical  connector  plug, 
clean  the  solder  and  flux  from  the  cups  (the  instructor,  will  demon- 
strate) •    Clean  the  general  area  and  return  the  tools  to  the  kit  or 
the  shadow  board.    The  instructor  will  inspect  the  area  before  you 
leave. 


Answers  to  Exercise  4:    la(l)    Upper  nest 

lb(l)    Yes  (if  "No"  defective  tool) 


Note:    To  prolong  the  life  of  the  soldering  iron  tip,  remove 
the  tip  from  the  iron  once  a  day  and  clean  the  black  scale 
from  the  tip  and  the  inside  of  the  iron  with  fine  steel  wool. 
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FOREWORD 


This  programmed  text  was  prepared  for  use  in  che  3ABR32632B, 
3ABR32530-1,  and  3ABR32531  courses.    It  was  validated  using  30  students 
from  Che  respective  courses.    Average  time  to  complete  this  text  is 
120  minutes* 

OBJECTIVES 

1*      Without  reference^  identify  facts  concerning  Maintenance 
Fundamentals*    An  accuracy  of  70%  is  required* 

a*      Special  handtools. 

b*      Safetying  devices* 

c*      Soldering  techniques  and  solderless  connectors* 

INSTRUC;riONS  ^  r 

SECTION  A:    This  section  covers  facts  you  should  know  about  torque 
wrenches* 

SECTION  B:    This  section  covers  facts  you  should  know  about  safetying 
hardware*  ^ 

SECTION  C:    This  section'covers  facts  you  should  know  about  soldering 
and  solderless  connectors. 

Note:    You  will  be  tested  on  your  knowledge  of  the  material  in 
this  FT  before  being  allowed  to  perform  in  the  lab*    You  will  be 
required  to  obtain  a  minimum  of  70%  on  the  written  appraisal* 

Each  section  allows  you  to  proceed  step-by-'Step  through  the  material. 
Each  step  (frame)  teaches  you  a  small  amount  of  material  and  you  are 
asked  to  respond  to  that  information*    Read  the  information  carefully  and 
respond  as  directed*    Check  your  responses  with  the  correct  answers 
listed  at  the  bottom  of  the  following  page*    Do  not  proceed  until  you  have 
responded  correctly.    If  you  need  assistance>  check  with  yc^ir  instructor* 
Read  carefully,  but  DO  NOT  HURRY* 

Note;    Place  all  responses  on  the  answer  sheet.    DO  NOT  MARK 
in  this  programmed  text. 


Supersedes  3ABR32531*PT-110 ,  3ABK32632B-PT-21U>  30  October  1974; 
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SECTION  A 
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SPECIAL  TOOLS 

Frame  1 

There  are  many  different  types  of  special  tools  used  in  the  Air 
Force  today-    One  such  special  tool  is  the  torque  wrench. 

The  torque  wrench  is  used  to  tighten  common  hardware,  such  as 
nuts  and  bolts,  to  specific  torque  values.    Using  specific  values 
prevents  under-tightening  (leaving  loose)  or  overtightening  (stressin^r 
or  twisting  off),  the  nuts  or  bolts. 

NO  RESPOMSE  REQUIRED 

Frame  2 

Torque  wrenches  are  used  to  measure  torque  (twisting  force) 
applied  to  bolts  and  nuts  when  they  are  being  installed.    Some  wrenches 
are  designed  to  measure  torque  in  inch-pounds,  others  in  foot-pounds. 
Regardless  of  which  torque  wrench  you  have,  the  procedure  for  setting 
and  using  the  torque  wrench  will  remain  the  same.    The  most  common  type 
of  torque  wrench  used  in  the  Air  Force  is  the  "breakaway*'  type,  some- 
times referred  to  as  the  automatic-release- torque  wrench.    This  is  the 
only  type  of  torque  wrench  authorized  for  use  on  common  aircraft 
hardware  (nuts,  bolts,  etc).    The  breakaway  torque  wrench  (see  illustration 
below)  has  a  square  socket  drive,  shaft  scale,  vernier  scale,  handle 
grip,  and  a  grip'lock. 


VERNIER  SCALE 


Figure  1- 


Make  a  check  (/)  by  the  correct  statement (s) . 

a.      Torque  wrenches  measure  torque  in  foot-pounds  only* 

_b-      The  "breakaway"  type  torque  wrench  is  the  most  commonly  used 
coruqe  wrench  ir  the  Air  Force* 

_c*      The  breakaway  torque  wrench  has  a  vernier  scale  and  grip  lock 
on  the  handle  grip- 

d.      Common  aircraft  hardware  should  NOT  be  torqued  with  a 
"breakaway"  type  torque  wrench. 
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Frame  3 

Other  types  of  torque  wrenches  such  as  the  screwdriver  type,  the 
flexible  beam  type  and  the  dial  type  are  not  authorized  for  tightening 
common  aircraft  hardware.    However^  in  specific  applications  of  checking 
torque^  an  aircraft  technical  manual  (technical  order)  or  an  equipment 
maintenance  manual  (TO)  may  require  one  of  the  above  mentioned  wrenches 
to  be  used, 

tlote;    The  term  "torque  wrench"  in  portions  of  this  text  is 
shortened  to  "wrench," 

Make  a  check  (/)  by  the  correct  statement(s) , 

a.      Any  type  of  torque  wrench  is  authorized  for  use  on  common 
aircraft  hardware, 

 ^b.      The  flexible  beam  type  torque  wrench  should  NOT  be  used 

to  torque  a  nut  on  an  aircraft, 

 ^c.      An  aircraft  technical  manual  will  never  list  a  type  of  torque 

wrench  other  than  the  authorized  "breakaway"  type, 

d.      An  equipment  maintenance  manual  (technical  order)  may  require 
that  a  dial  type  torque  wrench  be  used. 


Answers  to  Frame  2;  a,       -J   b,       -J    c,   ^d. 
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Frame  4 


The  breakaway  torque  wrenches  are  adjustable,    A  desired  torque 
value  can  be  set  (within  limits  of  the  torque  wrench)  by  turning  the 
handle  grip  to  settings  on  the  micrometer  type  scale.    A  micrometer 
type  scale  is  a  spindle  moved  by  a  finely  threaded  screw  for  making 
precise  measurements*    Referring *to  the  illustration  below  notice 
that  the  shaft  scale  is  graduated  in  increments  of  50.    The  micrometer 
type  vernier  scale  is  graduated  from  0  to  50  in  increments  of  5*  One 
complete  turn  of  the  vernier  scale  will  Increase  or  decrease  the  setting 
by  50  inch-pounds  or  50  foot-pounds  depending  on  the  wrench  you  have. 


Figure  2* 


Make  a  check  (/)  by  the  correct  statement(s) - 

a.  Breakaway  torque  wrenches  are  not  adjustable. 

b.  The  micrometer  (the  shaft  scale  and  the  vernier  scale)  is 
used  to  indicate  the  amount  of  torque  set  on  the  wrench, 

c.  The  shaft  scale  is  graduated  in  increments  of  50, 


d.      One  complete  turn  of  the  handle  will  increase  or  decrease 
the  torque  value  by  50, 


Answers  to  Frame  3: 


a,       /  b- 


r 


HO  I 

Frame  5 

To  Increase  the  torque  setting  of  the  wrench,  turn  the  handle 
grip  clockwise.    To  reduce  the  torque  setting,  turn  the  handle  grip 
counterclockwise.    Turning  the  handle  grip  lengthens  or  shortens  the 
handle;  it  also  changes  the'  scale  reading  of  the  micrometer  type 
scale,  while  at  the  same  time  reducing  or  increasing  tension  on  the 
spring  inside  the  handle*    The  desired  torque  setting  ahoujd  always 
be  approached  from  the  lower  end  of  the  micrometer  type  scale.  This 
means  you  will  first  lower  the  torque  setting  to  less  than  you  wish  to 
set  in,  then  increase  to  the  desired  setting* 

Make  a  check  (*^)  by  the  correct  statement(s) . 

 ^a-      To  change  the  torque  value  on  the  wrench,  the  handle  grip  must 

be  turned. 

 b.      A  torque  setting  is  always  approached  from  the  lower  end  of  the 

scale. 

c.      To  increase  the  torque  setting,  the  handle  is  turned  counter- 
clockwise. 

 ^d.      Turning  the  handle  reduces  or  increases  tension  on  the  spring 

inside  the  handle* 


Answers  to  Frame  4:   ^a.  '  b.    _ji[_c.       ^  d* 

AO  ' 
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Frame  6 

The  breakaway  torque  wrench  has  a  locking  device  to  insure  that 
the  desired  torque  value  does  not  change  when  the  wrench  is  being  used. 
On  some  wrenches*  the  lock  ring  is  turned  (figure  A)  to  lock  or  unlock 
the  handle*    On  other  inrenches*  locking  or  unlocking  is  accomplished  by 
sliding  the  lock  ring  along  the  handle  Lo  release  or  engage  a  pawl  or 
slot  in  the  shaft  (figure  B)*    In  either  case*  the  grip  is  prevented 
from  tum-Ing  when  the  wrench  is  in  use*    The  lock  must  be  ^^unlocked'* 
before  the  handle  grip  can  be  turned  to  change  the  torque  setting*  In 
either  case  the  handle  can  only  be  '^locked'^  when  a  nuniber  on  the 
vernier  scale  (0*  5>  10»  etc)  is  in  line  with  the    Shaft  Index  Line'^ 
(see  illustration  below)* 


Figure  3. 


Make  a  check  (^)  by  the  correct  statement:(s) . 

a.     The  breakaway  torque  wrench  has  a  locking  device* 

b*      The  handle  grip  cannot  be  turned  when  the  lock  is  '^unlocked*" 

c*     A  number  on  the  Vernier  scale  must  be  in  line  with  the  ^'Shaf t 
Index  Line"  before  the  locking  device  will  **lock." 


Answers  to  Frame  5:  a.      „/   b.   ^c.  d. 

4  0^:  7 


^03 

Frame  7 

The  torque  wrench  will  automatically  release  or  **cllck'*  when  the 
desired  amount  of  torque  has  been  applied  to  a  nut:  or  bolt*  When 
the  handle  releases,  it  will  have  approximately  15*  to  20*  of  free 
travel  or  movement  before  catching  again*    The  handle  should  not 
be  pulled  after  it  has  released*    You  should  use  a  slow,  steady  pull 
on  the  wrench  to  prevent  passing  the  release  without  recognizing  it* 
This  click  or  release  is  known  as  "breakaway*" 

Make  a  check  (/)  by  the  correct  statement(s) * 

 ^a*     The  handle  should  be  pulled  after  it  releases  or  ''breaks*" 

b*     When  the  handle  releases  or  '*breaks"  the  desired  amount  of 


torque  has  been  applied* 

_c*     The  handle  should  not  be  pulled  beyond  the  15*"  or  20*  of  free 
travel* 


42: 

Answers  to  Frame  6:        /    a.   ^b.       /  S".'" 

8 


HOH 

Frame  S 


Identify  the  parts  of  Che.  torque  wrench  on  the  illustration  below 
by  selecting  the  names  from  the  list  and  writing  the  names  in  the 
appropriate  numbered  spaces  on  the  illustration. 

NAMES 

Grip  Lock  Handle  Grip  Vernier  Scale 

Shaft  Scale  Socket  Drive 


t2 


Answers  to  Frame  7: 


a.        /   b.       /  c* 


Frame  9 

From  time  to  time  during  torque  applications^  it  may  be  necessary 
to  convert  from  inch-pound  specifications  to  a  setting  for  a  foot-pound 
torque  wrench.    To  convert  inch-pounds  to  foot^-pounds  divide  the  figure  to 
be  converted  by  12  (number  of  inches  in  one  foot),    FDr  example,  600  inch* 
pounds  divided  by  12  equals  50  foot-pounds.    If  the  technical  order 
called  for  600  inch-pounds  and  you  had  a  foot-pound  torque  wrench  you 
t;;ould  set  the  wrench  at  50  foot-pounds.    To  cor^vert  foot-pounds  to 
Inch-poundS}  you  would  multiply  the  figure  to  be  converted  by  12 
(number  of  inches  in  one  foot).    Example:    10  foot*pound3  multiplied 
by  12  equals  120  inch-^pounds  to  set  on  the  inch*pound  torque  wrench. 

Make  a  check  (/)  by  the  correct  statement(s) . 

 ^a.      To  convert  inch-pounds  to  foot-pounds  divide  the  foot-pounds 

by  12. 

 ^b*      To  convert  foot-pounds  to  inch-pounds  multiply  the  foot-pounds 

by  12* 

 ^c.     Twelve  (12)  foot-pounds  is  equal  to  one  (1)  inch-pound. 


_d.      Forty-eight  (48)  inch-pounds  are  equal  to  four  (4)  foot-pounds. 


Answers  to  Frame  8:    1.    Shaft  Scale       2.    Vernier  Scale 

3.    Handle  Crip       4.    Socket  Drive 
5.    Grip  Lock 


10 
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Fraae  10 


Torque  wrenches  issued  from  supply  co  the  shops  or  cool  cribs  for 
use  in  the  maintenance  of  aircraft  and  other  critical  equipment  will 
be  verified  (checked  for  accuracy)  at  least  once  every  two  months 
(60  days)*    Verification  means  sending  the  wrench  to  the  shop  that  has 
the  torque  wrench  tester*    They  will  set  the  wrench  at  different  settings 
and  pull  it  to  determine  that  It  will  break  or  release  at  the  proper 
torque.    The  60  calendar  day  period  is  to  be  calculated  from  the  date 
of  the  verification*    For  example,  a  wrench  verified  on  15  January  1977 
will  be  due  reverofocatopm  on  IS  March  1977*    At  the  time  of  verification 
a  color  code  tape  stamped  with  the  due  dat^  is  fastened  to  the  torque 
wrench  (see  Illustration  below)* 

NOTE:    VERIFICATIQH  -  a  checking  operation,  using  a  suitable 

torque  wrench  tester  to  determine  serviceability  for  use 
or  requiring  calibration.    The  time  required  to  verify  is 
approximately  10  minutes* 

CALIBRATION  -  The  act  of  actually  making  adjustments  to 
bring  a  torque  wrench  into  acceptable  tolerances  as  specified 
by  the  technical  order*    Time  required  to  calibrate  varies 
from  1  hour  to  8  hours  for  some  wrenches. 


Figure  5. 

Make  a  check  (/)  by  the  correct  statemant(s) . 

a*      Torque  wrenches  in  the  shops  or  tool  cribs  shall  be  verified 
at  least  once  every  two  months  (60  days)* 

b.      A  color  coded  tape  is  fastened  to  the  torque  xnrench  during 
verification* 

_c.      A  torque  wrench  will  always  be  calibrated  before  it  is 
verified* 

d.      Calibration  is  the  actual  adjustment  of  the  wrench  to  operate 
within  specified  tolerances* 


Answers  to  Frame  9: 


a.       /  b. 


11 


c.       /  d. 


Frame  11 


The  following  colors  of  color  code  tapes  are  used  to  indicate  the 
month  the  torque  wrench  is  due  verif ication> 


Colors  Months 

Blue  January  -  May  -  September 

Red  February  -  June  -  October 

Black  March  -  July  -  November 

Vellow  April  -  August  -  December 


Note:    If  a  torque  wrench  is  dropped  or  otherwise  abused^  it  will 
be  VERIFIED >  (checked  for  accuracy)  before  re-use*    If  it  is  found 
to  be  out  of  tolerance^  it  will  be  calibrated  before  being 
returned « 

Make  a  check  (/)  by  the  correct  statementCs) , 

a«      The  color  of  the  color  code  tape  will  indicate  the  day^ 
months  and  year  the  torque  wrench  was  verified, 

b.  By  looking  at  the  date  and  color  of  the  color  cede  tape>  one 
can  determine  when  the  torque  wrench  was  verified, 

c.  Each  color  of  the  color  code  tape  represents  three  different 
months* 


Answers  to  Frame  10: 


12 


c.        /  d. 


Frame  12 

Torque  wrenches  are  precision  measuring  Instruments  and  should  be 
handled  and  created  like  precision  insCrumentis.    After  using  these 
wrenches^  you  should  turn  the  grip  counterclockwise  to  its  lowest 
Indicated  setting.    This  removes  the  tension  on  the  spring  in  the 
handle.    See  note.    The  lowest  Indicated  setting  is  the  lowest  number 
on  the  shaft  scale  and  zero  on  the  vernier  scale.    The  accuracy  of  the 
spring  tension  determines  the  accuracy  of  the  wrench.    The  wrench  should 
be  stored  In  its  own  storage  container  with  the  wrench  at  its  lowest 
indicated  setting* 

Make  a  check  (/)  by  the  correct  dtatement(s) . 

a.      Torque  wrenches  are  precision  measuring  Instruments. 


J).  Torque  wrenches  are  stored  at  their  highest  setting. 
_c*     Torque  wrenches  are  stored  in  toolboxes* 


^d*     Torque  wrenches  are  stored  at  their  lowest  setting  in  their 
own  storage  containers. 

Note:    Do  not  force  the  handle  grip  fully  CCW.    A  mechanical  stop 
could  be  displaced  and  the  torque  wrenches  accuracy  affected* 
Calibration  would  be  required  before  re-use. 


Answers  to  Frame  11;  a.       /  b. 


c. 


Frame  13 

The  following  are  a  few  precautions  to  observe  concerning  torque 
wrenches : 

1*     Do  not  use  an  extension  on  the  grip  end  o£  the  handle* 

2*     Do  HOC  use  a  torque  wrench  to  loosen  previously  tightened 
nuts  or  bolts* 

3*     Do  not  apply  a  greater  amount  of  torque  than  the  rated 
capacity  of  the  wrench* 

4.  Do  not  attempt  to  change  the  setting  without  first  unlocking 
the  handle* 

5*  Do  not  place  an  extension  on  the  square  drive  that  increases 
the  length  of  the  torque  wrench  without  mathematically  calculating  the 
torque  value  to  set  on  the  handle* 

NO  RESPONSE  REqUIRED 


Answers  to  Frame  12:       /   a.   b.   c*       ^  d* 

14 
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y/o 

PART  B  , 
SAFETYING  DEVICES 

Frame  14 

Once  you  have  used  a  torque  wrench  to  tighten  the  nuts  or  bolts 
to  the  specified  values,  a  method  must  be  used  to  keep  them  from 
vibrating  loose  during  operation  and  causing  failure.    The  AF  uses  many 
different  methods.    You  have  already  covered  self-locking  nuts  and  use 
of  lock  washers.    This  section  will  cover  the  use  of  safety  wire  and 
cotter  pins  as  a  method  of  preventing  hardware  from  vibrating  loose. 

HO  RESFOHSE  KEQUIRED 


Answers  to  Frame  13:    No  Response  Required 

15 


Frame  15 

Some  vibration  is  present  in  all  aircraft  during  fllgl^t*  There- 
fore, If  bolts,  screws,  or  other  components  are  not  properly  secured, 
they  could  vibrate  loose  and  cause  system  failure  or  accidents.  To 
reduce  the  possibilities  of  system  failures  caused  by  components  coming 
Loose,  several  safetylng  methods  are  used*    Safety  wire  and  cotter  pins 
are  used  to  secure  such  Items  as  bolts,  screws,  nuts,  snap  rings,  con- 
nector plugs.  etc» 

Make  a  check  (/)  by  the  correct  statement(s) » 

What  is  the  purpose  of  safetylng  hardware  or  components? 

 ^a.     To  keep  the  pilots  from  removing  hardware  or  components  in 

flight. 

 ^b.      To  keep  hardware  from  loosening  up  Cfn  the  ground- 

 To  reduce  the  possibility  of  loose  components  causing  failures. 

d.      To  reduce  vibration  in  hardware  and  components* 


Answers  to  Frame  14:    No  Response  required 

AO- 
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Frame  16 


SINGLE  WIRE  METHOD 

One  method  of  safecying  is  to  use  a.  single  wire.    It  is  used  to 
safety  closely  spaced  screws  in  a  closed  geometrical  pattern.    See  the 
figure  below.    The  safety  wire  is  installed  so  that  the  fillister  head 
screws  cannot  loosen.    The  number  of  screws  that  can  be  wired  together 
depends  on  the  application.    Remember  they  must  be  arranged  in  a  closed 
geometric  pattern. 


I  Z  3 


Figure  6. 

Make  a  check  (/)  by  the  correct  statement(s) . 

1.  Screw  number  2  cannot  loosen  because  it  will 

 ^a.      stretch  the  safety  wire  between  all  other  screws. 

 ^b.      loosen  screws  nuroberd  1  and  3. 

 c.      stretch  the  safety  wire  between  screws  1  and  3. 

 ^d.      overtorque  screws  numbered  1  and  3. 

2.  The  method  used  to  wire  together  screws  in  a  closed  geometrical 
pattern  is  referred  to  as  the 

 a.  single-wire  method. 

 b.  double-wire  method. 

 c.  single-twist  method. 

 ^d.  double-twist  method. 


Answers  to  Frame  15:   a.   ^b.  c.   ^d. 
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4  J  3. 

Frame  17 


DOUBLE  TWIST  METHOD 

The  most  common  method  of  safecying  used  is  the  double-twisc 
method.    This  method  can  be  used  to  safety  bolts*  nuts*  and  screws  that 
are  either  closely  spaced  or  widely  spaced.    The  figures  below  illus- 
trates the  double-twist  method  for  safetying  bolts  and  screws  with  right- 
hand  threads*    When  securing  widely  spaced  bolts*  4  to  6  inches  apart* 
the  maximum  number  that  can  be  wired  in  series  is  three «    When  securing 
closely  spaced  bolts »  the  number  that  can  be  secured  by  a  24-inch 
length  of  wire  is  the  maximum  number  that  can  be  wired  in  series.  On 
bolts  that  are  more  than  6  inches  apart  the  double  twist  single  fastener 
application  is  used« 

Note;    In  all  applications  the  end  or  pigtail  is  tucked  against  some-^ 
thing  (nut»  bolt»  etc«)  to  prevent  snagging  or  cutting  your  fingers 
(safety) . 


DOUBLE  TWIS^T 

SCREW  HEADS  DOUBLE-TWIST  METHOD  SINGLE  FASTENER  APPLICATION 

(  MORE  THAN  6  INCHES  FROM  ANOTHER  BOtT  ) 


BOLT  HEADS  CASTLE  NUTS 

Figure  7. 

Make  a  check  (/)  by  the  correct  stateinent(s) . 

1.  Screw  number  1  cannot  loosen  because  it  would 

 a.  have  to  tighten  screw  number  2. 

b,  have  to  stretch  the  safety  wire  between  screw  numbers  1  and  2, 

c*  loosen  screw  number  3. 
 d.  tighten  the  wire  between  screw  numbers  2  and  3. 

2,  Widely  spaced  bolts  are 
 ^a*      2  to  3  inches*  apart. 

 b*      secured  by  the  single  fastener  application  if  they  are  more 

than  6  inches  apart « 

 ^c.      never  secured  with  more  than  three  in  series. 

 d.      not  limited  to  a  definite  number  that  can  be  secured  with  a 

24-inch  length  of  wire* 

Answers  to  Frame  16:    1.  a>   ^b,  >^   

2.        /    a.   ^b.   ^c*   ^d. 
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Frame  18 


In  your  lab  project  you  are  going  to  safety  three  bolts  on  the 
trainer^  as  shown  in  the  illustration  below*    You  will  use  steel  safety 
wire  size  0*032  Inch  diameter*    When  working  on  aircraft  systems^  the 
size  and  type  of  safety  wire  to  use  will  be  specified  in  the  aircraft's 
technical  order*    Example:    1B-52G-2-11,  Instruments  TO  -  "Use  new 
corrosion-^resistance  steel  safety-^wire  0*032  inch  diameter  to  safety 
connectors*    Using  either  the  single  wire  or  double  twist  method, 
0*032  corrosion-resistance  steel  safety  wire  will  usually  be  specified*" 


71 


^  Figure  8, 

Make  a  check  {^)  by  the  correct  statement (s) * 

The  bolts  safetied  in  the  illustration  above 

a.      are  safetied  with  the  single-wire  method* 
"b*      are  safetied  so  that  loosening  any  bolt  will  tighten  the 
wire* 

_c*      have  left-hand  threads* 

d*      are  tightened  by  turning  them  counterclockwise • 
"e*      should  be  safetied  with  the  size  safety  wire  specified  in 
the  aircraft  TO* 


Answers  to  Frame  17:    !•        ^    a*        ^  c.   ^d, 

2.   ^a-        /    b.        /    c.   ^d* 

19 
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HIS 

Frame  19 


COTTER  KEYS  (PIN) 

Some  nuts  cannot  be  safetled  vich  vlre  because  che  bolts  are  £ree 
to  turn,  or  because  there  Is  only  one  nut*    Cotter  keys  (pins)  are  used 
to  safety  these  nuts  as  shown  In  the  Illustration  below.    Note  that 
the  cotter  key  (pin)  fits  through  the  nut  and  bolt>  locking  the  two 
together.    Also  notice  that  one  end  of  the  cotter  key  is  bent  flat 
against  the  end  ot  the  bolt  and  ends  approximately  half  way  across  the 
end  of  the  bolt.    The  other  end  extends  approximately  half  way  down  the 
side  ot  the  nut  and  Is  bent  tight  against  the  nut. 


Figure  9. 


Make  a  check  (/)  by  the  correct  statement(s) * 

*  What  method  Is  used  to  safety  nuts  when  the  bolts  kre  free  to  turn 
or  there  li  only  one  bolt? 

 a.      Single  wire. 


b.      Double  twist. 


_c.      Cotter  key* 
d.      Single  twist* 


4  J 

Answers  to  Frame  18:   ^a,       /   b.   c.   d,       /  e. 
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Frame  20 


EMERGENCY  SWITCH  COVERS  (GUARDS) 


Some  eniergency  switches,  such  as  emergency  jettisoa  of  external 
tanks,  bombs^  etc*^  or  emergency  landing  gear  svitchi  have  a  guard 
covering  the  switch  to  prevent  accidentally  actuating  them.    To  furthei 
prevent  accidentally  turning  the  switch  on»  the  guard  is  safety 
wired  closed  using  +020  copper  safety  wire*    The  reason  for  using  .020 
copper  wire  is  so  the  pilot  '^an  break  it  when  he  has  a  need  to  use  the 
switch*    The  single  wire  method  is  used  to  safety  them*    NOTE:  The 
pilot  will  NOT  break  the  safety  wire  without  LOOKING  and  KKOWING  that 
he  has  the  correct  switch. 


Make  a  check  (/)  by  the  correct  statement(s) < 

1.  Emergency  switch  guards  are  safety  wired  using  ,020  copper 
safety  wire* 

2,  Emergency  switch  guards  are  safetied  using  the  single  wire 


OO  NCfT  TWSr  TIGHTUY 


EMERGENCY  DEVICE 
SWITCH  COVER 


Figure  10. 


method. 


Answers  to  Frame  19: 


b. 


/  c. 
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Frame  21 

Make  a  check  (/)  by  the  correct  stateTnent(s)  * 

1.  What  is  the  pur^^^se  of  safecylng  hardware  and  components? 
 a*  To  keep  hardware  from  loosening  up  on  the  ground* 

b.  To  reduce  vibrations  in  hardware  and  components* 

 c*      To  reduce  the  possibilities  of  failure  caused  by  loose 

components. 

 ^d*      To  keep  components  from  being  removed  in  flight* 

2.  What  method  would  be  used  to  safety  emergency  switch  guards 
and  closely  spaced  screws  in  a  closed  geometrical  pattern? 

 a.      Single  wire* 

 b.      Double  twist* 

 c*      Cotter  key, 

 ^d.      Single  fastener* 

1^      What  is  the  most  common  safetying  method  used  f*or  both  closely 
or  widely  spaced' hardware? 

 ^a.      Single  wire* 

 b*      Double  twist, 

c.  Cotter  key, 
 d.      Single  fastener 

4,      Whac  is  the  safetying  method  used  to  safety  nuts  when  the 
bolts  are  free  to  turn? 

 ^a.  Single  wire, 

 ^b*  Double  twist, 

c.  Cotter  key, 

 d.  Single  fastener. 


A2d 

Answers  to  Frame  20:    _jL-)"  -jl—?- 
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PART  C 


SOLDERING  AND  SOLDERLESS  CONNECTORS 

Frame  22 

Another  portion  of  Maintenance  Fundamentals  that  goes  along  with 
eiooving  and  installing  components,  Corqulng  and  safetying  is  the  repair 
of  the  wires  to  the  components*    You  may  be  required  to  solder  a  nev 
wire  into  a  circuit,  or  splice  a  wire  to  repair  it  or  install  a  terminal 
on  it*    This  section  vill  discuss  both  use  of  a  soldering  Iron  to  solder 
wires  and  the  use  of  the  flat  crimp  tool  for  installation  of  Insulated 
terminals  and  Insulated  splices. 

No  Response  Required 


Answers  to  Frame  21;  1. 

a. 

b. 

/ 

c. 

d. 

^  a. 

b. 

c. 

d. 

3. 

a. 

/  b. 

c. 

d. 

4. 

a. 

b. 

c. 

d. 
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Fram^  23 

Soldering  is  a  method  of  bonding  two  pi^c^s  of  metal  together 
by  the  usa  of  an  alloy  (solder)  with  a  comparatively  low  melting 
point*    Solder  must  always  malt  at  a  lower  temperature  than  the  base 
metals*    Soldering  should  not  be  confused  with  welding^  for  in  the 
welding  process  the  two  metals  to  be  joined  are  actually  fused  together* 
In  the  soldering  process^  the  base  metals  are  not  fused^  but  are  merely 
coated  (tinned)  with  the  solder  alloy  and  then  sweated  together  or 
joined  by  the  application  of  heat*    Soldered  joints  should  not  be 
relied  upon  for  extra  strength*    However  good  they  may  be^  they  must 
not  be  subjected  to  excessive  vibrations,  severe  shocks^  or  heavy  loads. 

Check  (/)  the  correct  statement(s)  below* 

 1*      Soldering  and  welding  are  the  same* 


_2*      Solder  is  an  a,.loy  and  must  melt  at  a  higher  temperature 
than  the  base  metals* 

3*      Solder  joints  can  be  relied  upon  for  strength. 

_4*      In  soldering^  the  coated  base  metals  are  sweated  together  by 
the  use  of  heat* 
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Frame  24 


Soft  solder  Is  a  mixture  of  tin  and  lead*    There  are  as  many  types 
of  solder  as  there  are  combinations  of  tin  and  lead*    However ^  the 
Air  Force  uses  only  a  small  number  of  these  combinations.    The  three 
most  commonly  used  ratios  are  40/60^  45/55  and  50/50.    The  tin  content 
is  represented  by  the  first  number*    More  tin  causes  the  solder  to  be 
harder  and  to  crystalize  and  break  easily.    Solder  with  more  lead  than 
tin  will  be  soft|  but  not  very  strong. 

Check  (/)  the  correct  statement (s)  below* 

 ^1*     More  tin  than  lead  makes  solder  soft. 

 1*      60/40  solder  would  be  harder  than  40/60  solder* 

3*      Soft  solder  crystalizes  easily  and  will  break. 
 4*     The  tin  content  of  solder  is  represented  by  the  last  number. 


Answers  to  Frame  23;   1.   2.   3.       /  A. 


Frame  25 

Soft  solder  Is  the  type  of  solder  used  in  the  maintenance  of 
electrical/ electronic  equipment  and  other  jobs  requiring  small  amounts 
of  solder.    This  type  of  solder  is  made  in  plain  solid  wire/block  form 
(figure  11)  or  it  may  have  a  hollow  core  filled  with  either  rosin  or 
acid  (figure  12) «    Acid  core  solder  is  NEVER  used  in  electrical/ 
electronic  maintenance  for  it  is  very  corrosive*    Hard  solder  (silver 
alloy)  used  In  the  soldering  of  thermocouple  wires  (exhaust  gas  tempera- 
ture indicating  system)^  will  not  be  covered  in  this  text. 


Figure  11,  -  Figure  12* 

Check  (/)  the  correct  statement(s) . 

_1.      Acid  core  solder  should  not  be  used  in  electrical  wire  maintenance* 

_2*      Soft  solder  would  be  used  in  the  maintenance  of  thermocouple 
wires* 


3*     Rosin  core  solder  is  very  corrosive* 


Answers  to  Frame  24:   1*        ^    2.   3.   4* 

26 


4i:: 


Most  Tuetals  which  have  been  exposed  to  the  atmosphere  will  acquire 
a  thin  film  of  tarnish  or  oxide.    The  longer  the  period  of  exposure, 
the  thicker  the  flint  will  become.    This  fllm»  even  though  It  may  not  be 
visible*  Is  a  poor  conductor  of  heat  £ind  must  be  removed  for  proper 
soldering.    The  solder  alone  cannot  dissolve  or  remove  this  film,  A 
solder  flux  (rosin  core  or  rosin  in  paste  form)  with  a  melting  point 
lower  than  the  solder  must  be  used  to  **wet"  the  metal  and  dissolve  the 
film.    The  solder  then  melts*  floating  the  lighter  flux  and  impurities 
(cxide)  to  the  outer,  surface  of  the  molten  solder. 

Check  (/)  the  correct  5taterent(s) . 

 1,     The  atmosphere  will  cause  most  metals  to  tarnish, 

 2.     The  tarnish  film  on  metal  Is  a  good  conductor  of  heat, 

 3,      The  solder^s  melting  point  Is  higher  than  that  of  the  flux. 


4,      Flux  removes  the  oxide  by  dissolving  it. 


Answers  to  Frame  25;       ^  1, 


27 


Frame  27 

The  flux  (rosin)  is  a.  chemical  reducer  used  for  surface  conditioning 
during  the  soldering  process*    Have  you  ever  watched  the  play  of  colors 
on  a  piece  of  metal  as  it  heats?    This  display  of  color  is  due  to 
electrons  in  the  hot  metal  being  heated  off  the  metal*    To  regain  these 
electrons,  the  metal  combines  with  oxygen  in  the  air  and  begins  to  form 
an  oxide  coating  on  the  surface  of  the  metal*    By  dlsolving  the  oxide 
(poor  heat  conductor)  on  the  surface  of  the  metal,  the  flux  cleans  the 
surface*    The  solder,  in  its  molten  state,  will  now  cling  to  the  part 
of  the  metal  surface  being  soldered* 

Check  (/)  the  correct  ansver(s)* 

A  flux  is  used  on  a  surface  to  be  soldered  to 

 1*      soften  the  solder* 


2*      smooth  the  surface  before  soldering* 


3*      get  oxygen  to  the  surface  of  the  metal* 

A;      clean  the  surface  by  dissolving  the  oxide  formation* 


Answers  to  Frame  26: 


2^       /    3.  / 


Frame  28 


Cleanliness  is  of  the  utmost:  importance  in  soldering  operations* 
If  possible^  soldering  should  be  done  in  an  area  that  is  reasonably 
clean  and  free  from  excessive  dust*    Drafty  areas  should  be  avoided 
so  that  the  soldering  iron  will  not  cool*    A  soldering  job  on  an 
aircraft  on  a  cold  windy  day  may  require  that  the  aircraft  be  pulled 
into  the  hangar  or  dock  area*    Surfaces  contaminated  with  dire,  oil, 
grime  or  grease  cannot  be  successfully  soldered*    Make  sure  that  the 
surfaces  are  mechanically  "brighc-clean"  before  soldering*    Clean  the 
surfaces  with  a  cloth  dipped  in  alcohol,  trichlorechylene,  or  other 
approved  solvent*    Old  solder  should  be  removed  from  a  surface* 

Three  ways  chat  old  solder  can  be  removed  from  a  surface  are  by 
heating  the  solder  until  it  melts,  then,  (1)  wipe  it  off  with  a  cloth; 
(2)  tilt  the  work  and  tap  it  lightly;  and  (3)  draw  the  solder  off  with 
the  iron  and  an  excess  piece  of  wire  called  (wicking)* 

Make  a  check  (/)  by  the  correct  statements* 

1* 


2* 


A* 


Contaminated  surfaces  should  be  cleaned  before  soldering  is 
attempted* 

Successful  soldering  operations  depend  on  cleanliness  and  a 
properly  heated  soldering  iron* 

Old  solder  on  a  surface  may  be  usetd  in  the  new  soldering  job. 
A  dusty,  drafty  area  is  not  an  ideal  place  to  do  soldering* 


Answers  to  Frame  27: 


1* 


3* 


/  A* 


29 


Frame  29 

A  neat  soldering  job  means  only  one  thlng~lt  was  done  correctly! 
The  soldering  iron  melted  the  solder  quickly  and  the  soldfcr  flowed 
into  and  around  the  surfaces^  ^ttd  then  hardened  r'.nto  place  without 
including  air  bubbles,  oxides  or  other  foreign  matter.  Soldering 
irons  (figure  13)  come  in  various  sizes  and  shapes.    The  one  you  will 
use  in  this  course  is  well  suited  for  the  work  you  will  do*  However, 
your  work  ott  the  flight  line  may  require  you  to  make  a  choice  as  to  sise 
of  tip,  wattage  and  voltage  (28  VDC  or  115  VAC  60  Hz)- 


Figure  13, 
No  Response  Required 


Answers  to  Frame  28;       ^    1.        ^    2.  3,       i/  4. 


Frame  30 

Soldering  will  not  be  required  every  time  you  have  a  broken 
electrical  wire.    In  some  Instances  where  electrical  wire&  are 
broken*  solderless  connectors  can  be  used*    Of  the  many  types  and 
sizes,  only  the  solderless  terminal  lug  (figure  14)  and  splice 
(figure  15)  for  small  copper  electrical  wires  will  be  covered*  Elec- 
trical wires  are  terminated  (ended)  with  terminal  lugs  to  permit  easy 
and  efficient  connection  to  and  disconnection  from  terminal  boards, 
busbars*  and  other  electrical  equipment.    Splices  join  electrical 
wires  to  form  permanent  continuous  wire  runs* 


INSULATION  GRIP 


BARREL 


TONGUE 


WIRE 
INSULATION 


COLjOR^CODED 
INSULATION 


STRIPPED 
WIRE 


Figure  14,  Figure  15, 

Check  (i/)  the  correct  statement(3) - 

^1*      Solderless  terminal  lugs  permit  easy  connection  and 
disconnection  of  electrical  wiring*  * 

_2*      Solderless  splices  permit  electrical  equipment  to  be  dls" 
connected  more  easily* 

Terminal  lugs  terminate  wires,  and  splices  form  continuous 
runs  by  joining  wires  together. 


w 

Frame  31 

Solderless  terminal  lugs  and  splices  are  made  of  copper  or  aluminum* 
They  are  prelnsulated  or  uninsulated  depending  on  where  they  are  to  be 
Installed*    Agaln>  due  to  the  many  types,  sizes  and  different  instal- 
lation procedures,  the  prelnsulated  copper  solderless  connectors  will 
be  the  only  one  covered  In  this  text*    Technical  Order  l-lA-14  should 
be  consulted  when  using  solderless  connectors  of  a  specific  type  for  a 
specific  application* 

Caution:  Use  only  copper  solderless  connectors  on  copper  wire; 
alumlQum  connectors  on  aluminum  wire*  Connecting  two  different 
materials  together  aids  in  the  corrosion  process* 

Check  (/)  the  correct  statement(s) * 
 1*     All  solderless  terminal  lugs  are  copper  and  prelnsulated* 

2*      Copper  solderless  connectors  are  not  used  on  aluminum  wire* 

 3*      Solderless  splices  are  aluminum  and  always  uninsulated* 

4*     Of  the  many  types  and  sizes  of  solderless  connectors,  the 
installation  procedures  are  the  same  for  all* 


Answers  to  Frame  30:       /    1.   2.       /  3* 


41j 


Frame  32 

For  installing  small  copper  wire  preinsulaced  solderless  con- 
nectors in  the  number  26  through  the  number  10  wire  size*  a  hand 
crimping  tool  is  used.    In  figure  16*  notice  the  information  listed 
on  Che  "Instruction  Plate'*  of  the  tool* 

Note:  You  may  use  the  actual  tool  to  read  the  "Instruction  Plate'* 
more  easily. 


4    t  t* 
m    t*  *****  « 


.MSPUtTfia MS  2503r-W 


Figure  16. 

Observe  figure  16  (or  the  tool)  and  complete  the  following 
statement* 


For  crimping  a  solderless  connector  to  a  size  18  wire*  the 
  nest  of  the  crimping  tool  should  be  used* 


Answers  to  Frame  31: 


1.        /  2. 


3. 


33 


4;i 


Oil 


m 

Frame  33 

The  correct  answers  will  be  listed  after  the  last  review  question. 

Check  (/)  the  correct  answers  below, 

1*      Soldering  is  the  process  of 

 ^a,  binding  two  metals  together, 

 ^b,  fusing  metals  together, 

 c^  welding  metals  together, 

 ^d.  bonding  tinned  surfaces  by  the  use  of  heat. 

2*      Soft  solder  is  an  alloy  of 

^  a*      tin  and  copper* 

 ^b,      copper  and  lead. 

c.      tin  and  lead* 
 ^d.      lead  and  silver, 

3*      In  soldering  electrical  wires »  you  would  NEVER 

 ^a.  remove  old  solder*  \ 

b*  use  acid  core  solder. 

c.  be  concerned  about  oxide  formation* 

d*  use  a  28  VBC  soldering  iron* 

4*      Flux  is  used  on  a  surface  to  be  soldered  to 

 ^a*  smooth  the  surface* 

 b*  soften  the  solder* 

 ^c*  clean  the  surface  by  dissolving  oxide  formation* 

d*  get  oxygen  to  the  surface  of  the  metal  being  soldered* 

5*     The  most  important  thing  in  a  soldering  operation  is 

 ^a,  cleanliness  * 

 b*  soldering  sequence* 

c*  soldering  iron  selection* 
 ^d*  a  "feel"  for  the  work. 


Answers  to  Frame  32:  upper 


34 


Y30 

Frame  33  (Cont'd) 

Solderless  connectors  £or  small  copper  wires  are  installed  by 
using 

a*     wire  stripping  tool, 

b»      hand  crimping  tool, 

c.      duckbill  plier  tool, 

diagonal  cutter  tool. 

For  the  installation  of  small  copper  preinsulated  solderless 
connectors,  the  tool  can  be  used  with  wire  size  ranges  of 

a,    no  ne. 

c,  no  ^  //24, 

d,  08  -  m. 


H3i 

Frame  34 

You  have  aow  completed  the  programmed  text.    If  you  had  any  problems 
or  did  not  understand  somethings  go  back  and  review  the  frames  that 
cover  that  material.    If  you  still  have  problems,  contact  the  instructor. 
After  you  understand  all  the  material,  you  may  take  the  appraisal 
covering  all  three  sections  of  the  text.    After  satisfactory  completion 
of  the  appraisal' you  will  proceed  to  the  maintenance  lab  to  complete  the 
workbook  covering  torque  wrenches,  safetying  devices^  soldering  and 
solderless  connectors. 

No  Response  Required 


Answers  to  Frame  33: 


1. 

•  a. 

b. 

c. 

/  d. 

2. 

a. 

b. 

c. 

d. 

3. 

a. 

b. 

c. 

d. 

4. 

a. 

b. 

c. 

d. 

5. 

/ 

a. 

b. 

c. 

d. 

6. 

a. 

b. 

c. 

d. 

7. 

a. 

b. 

c. 

d. 

4*^ 
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FOREWORD 


this  programmed  cext  was  prepared  for  use  in  Courses  3ABR32531, 
Avionic  Instrumenc  Systems  Specialist,  and  3ABR32632B,  Integrated 
Avionic  Systems  Specialist*    This  text  has  been  validated  using  23 
students  from  the  subject  courses*    Twenty-three  of  the  students 
achieved  the  objective  as  stated*    Average  completion  time  is  120 
minutes  * 

OBJECTIVE 

Without  references,  identify  facts  pertaining  to  the  purpose, 
operation,  and/or  characteristics  of  ^typical  position  indicating 
systems  with  an  accuracy  of  at  least  80%* 

IHSTRUCTIOHS 

This  programmed  text  is  divided  into  three  sections:    Section  A 
covers  wheel  position  indicating  systems  (3AJ3R32531  and  3ABR32632B), 
Section  B  covers  Flap  Position  Indicating  Systems  (3ABR32531  ONLY),  and 
Section  C  covers  control  surface  position  indicating  systems  (3ABR32632B 
ONLY).    The  information  presented  in  this  text  is  presented  in  smaj'  steps 
called  "frames      After  reading  the  information  in  ench  frame  you  ££re 
asked  to  actively  respond  to  the  statements  at  the  end  of  that  frame* 
Place  these  responses  on  the  response  sheet  provided  with  this  text* 
Check  your  responses  for  accuracy  with  the  correct  answers  given  after 
the  following  frame*    If  you  make  an  incorrect  re£"3onse»  reread  the  frame 
until  you  determine  ^y  you  were  in  error  before  proceeding  to  the  next 
frafiie*    After  completing  each  required  section  of  your  course  you  will 
take  an  appraisal  to  display  your  attainment  of  the  statied  objective 
before  proceeding  to  the  next  area  of  instruction*    Work  as  quickly  as 
possible,  but  DO  NOT  RUSHt 


Supersedes  3ABR32531-PT-202,  12  December  1974;  3ABR32531'-PT"203, 
13  April  1973;  3ABR32632B-PT-304B,  18  April  1975* 
OPR:    3360  TTG 
DISTRIBUTION;  X 

3360  TTGTC/W  -  200 ;    TTVSR  -  1  ^  ' 
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Section  A 


(2ABR32531  and  3ABR32632B) 


Frame  1 


The  early  military  aircraft  had  flzed  landing  gear;  that  ls»  the 
gear  was  not  retractable*    As  the  aircraft  was  Improved  and  airspeed 
Increased}  It  was  found  that  the  gear  caused  unwanted  drag  on  the 
aircraft*  slowing  It  down*    Retractable  gear  was  developed  and  used 
to  help  streamline  the  aircraft^  thus  reducing  drag  and  Increasing 
speed. 

Figure  1  shows  an  aircraft  with  fixed  gear  and  figure  2  with 
retractable  gear* 


Figure  1. 


Figure  2* 


NO  RESPONSE  REQOIBED 


FrsSae  2 


With  the  developo^nt  of  the  retraccable  landing  ge^r>  an  Indicating 
system  was  developed  to  indicate  the  position  of  the  gear.    This  system 
was  desigatad  to  display  the  three  main  positions  of  the  gear.    Figure  Z 
belov  shows  the  three  (displays.    In  drawing  A  the  gear  would  be  UP  aud 
locked*  dratri^ng  B*  the  gear  would  be  unsafe  (crosshajrch)  and  in  drawing 
C  the  gear  would  be  down  and  locked. 


A 


UNSAFE 

UP  AND  LOCKED  (CROSSHATCH)  DOWN  AND  LOCKED 

Figure  3. 

Circle  the  correct  response/s  to  the  following  atar.ements. 

1.     With  the  landing  gear  up  and  locked*  which  one  of  the  symbols 
wnild  show  oa  the  indicator?    Use  figure  3  If  needed. 

a.  Wbrd  '*UP." 

b.  Crosshatch. 

c.  Picture  of  landing  gear. 


Answers  to  Frame  1:    NO  RESPONSE  REQUIBED. 

4 


Frame  3 

Hose  aircraft  have  three  landing  gears >  for  each  gear  there  are 
two  microsvicches  and  one  indicator.    Figure  4  ia  a  schematic  for 
one  gear  of  a  typical  three  landing  gear  system.    The  landing  gear 
indicating  system  is  operated  from  the  aircraft^s  28V  DC  power  system. 
When  the  gear  closes  either  of  the  microswitches  the  corresponding 
solenoid  coil  in  the  indicator  will  be  energized  by  2SV  DC  and  the 
indicator  will  display  the  position  of  the  gear. 


Figure.  4. 

Circle  the  correct  response/s  to  the  following  statements. 

1.      When  the  UP  loicroswitch  is  closed^  the  voltage  on*the  UP 
coil  is 


a. 
b, 
c. 
d. 


OV  DC. 
12V  DC. 
24V  DC* 
28V  DC, 


2, 


Which  one  of  the  indications  would  appear  on  the  Indicator 
when  the  down  microswitch  is  closed? 

a.      UP,  . 

b*  Crosshatch. 

c.      Picture  of  gear. 


Frame  3*  CContinued) 

3*     The  microswltches  are  closed  by  the 
a«  *  landing  gear  handle « 
b.     landing  gear« 
c«     pilot « 
d«     solenoid  coll« 


Answers  to  Frame  2:    1*  a 


6 


^3S 

Frame  4 


The  Indicating  drum  of  the  indicator  has  two  soft  iron  cores 
attached  to  it.    Whenever  either  mlcroswitch  is  closed  and  that  coil 
energizes f  one  of  the  iron  cores  is  attracted  into  the  energized 
coil*    This  Increases  the  magnetic  field  of  the  coil*    As  the  iron 
core  is  pulled  Into  the  coil  the  indicating  dial  is  rotated  to  indicate 
the  position  of  the  g^ar  and  will  remain  in  that  position  until  the 
microswitch  is  opened  by  the  movement  of  the  g^^r.    The  indicating 
drum  also  has  a  hairspring  attached  to  it  to  return  the  drum  to  the 
neutral  (crosshatch)  position  whenever  power  is  removed  from  the  coils. 

SEE  figure  S  below* 


Figure  S. 

Circle  the  correct  response/s  to  the  following  statements. 

1.     When  either  coil  becomes  energized*  the  indicator  operates 
on  the  principle  of  magnetic 


a* 

interaction 

b. 

repulsion 

c. 

attraction 

d* 

correlat;ion 

mth 

the  UP  microswitch  closed*  which  coil  is  energized  and 

what 

will  the  indicator  display? 

a* 

Up  solenoid  coil  and  picture  of  gear* 

b* 

Up  solenoid  coil  and  word  "UP/' 

c. 

Down  solenoid  coil  and  picture  of  gear« 

d. 

Down  solenoid  coil  and  word  '*UP*" 

7  ^ 


Fraine  4  (Continued) 

3.     The  hairspring  will  cause  what  indication, to  appear  when 
power  is  removed  from  the  system? 

a.  'niP/' 

b*  Crosshatch* 

c.     Picture  of  gear. 


Answers  to  Frame  3:    1.    d     2.    c     3.  b 


4i\ 
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Frame  5 


When  the  pilot  moves  the  landing  gear  to  the  dovn  position  the 
down  microswitch  activates  as  the  gear  locks  into  place*    This  in 
turn  comp^letes  the  circuit  and  energizes  the  dawn  coil  with  2dV  DC* 
This  coil  thai  pulls  the  down  iron  core  into  it  causing  the  picture 
of  the  gear  to  be  displayed  by  the  indicator.    SEE  figure  6  below* 


Figure  6* 


Circle  the  correct  response/s  to  the  following  statement* 

lo     Whoi  the  gear  is  down  and  locked*  which  microswitch  Is 
closed  and  what  indication  is  displayed? 

a*  Up  microswitch  and  the  word  "UP*" 

b*  Up  microswitch  and  picture  of  the  gear* 

c*  Down  microswitch  and  word  "UP*" 

d*  Down  microswitch  and  picture  of  the  gear* 


Answers  to  Frame  4:    1*    c     2*    b     3.  b 


Frame  6 


As  the  landing  gear  begins  to  retrace  the  down  microswltch  breaks 
contact,  deenersl2lng  the  down  solenoid  coll  thus  removing  power  from 
the  circuit.    At  this  tline  the  hairspring  will  return  the  Indicating 
drum  to  the  Crosshatch  position.    This  lets  the  pilot  know  that  the 
gear  is  In  an  unsafe  position.    SEE  figure  7  below. 


Figure  7. 

Circle  the  correct  response/s  to  the  following  statements. 

1.      When  the  landing  gear  is  moving  what  indication  is  displayed? 

a.  "UP*' 

b.  Crosshatch 

c.  Picture  of  gear. 


Answer  co  Frame  5:    1.  d 


10 


Framed 

When  the  landing  gear  reaches  the  Up  and  locked  position  the 
Up  mlcroswltch  will  close  and  energize  the  Up  coil.    The  coll  then 
pulls  the  Up  iroa  core  Into  It  rotating  the  Indicating  dial  to  the 
"UP*'  Indication.    See  figure  8  below. 


.Figure  8. 

Circle  the  correct  response/s  to  the  following  statements* 

1.     With  the  landing  gear  retracted^  the  -Indicator  would  display 
what  Indication? 

a.  Picture  of  gear. 

b.  Word  '*UP'* 

c.  Crosshatch 


Answers  to  Frame  6;    I*  b 


Fraiee  8 

Circle  the  correct  response/s  to  the  followiag  statements* 

1.  The  landing  gear  indicating  system  operates  by 
a*     12V  DC* 

b*  28V  DC* 
c*  28V  AC. 
d.      36V  AC. 

2.  The  purpose  of  the  landing  gear  indicating  system  is  to 
indicate  when  the  gear  is 

a*  unsafe* 

b.  up  and  locked. 

c.  down  and  locked. 

d*  up  and  locked,  down  znd  locked,  and  unsafe. 

3.  When  voltage  is  apji^ied  to  e.i^ther  of  the  solenoid  coils, 
the  soft  iron  core  is  pulled  to  the  energized  coil  by 

a.  repulsion* 

b.  hairspring. 

c.  counterbalance. 

d.  magnetic  attraction* 

4.  When  voltage  is  removed  from  the  solenoid  coils  the 
indication  will  be 

a.  UP, 

b*  Crosshatch. 

c.     picture  of  gear. 

5.  With  the  landing  up  microswitch  closed,  the  indicator 
should  indicate  the 

a.  UP. 

do  ' 

b*     Crosshatch.  '  ^ 

c.     picture  of  gear. 
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'  Frame  8  (Continued) 

6.  When  voltage  id  removed  from  coils »  the  drum  rotates  to  the 
neutral  position  due  to 

a.  magnetic  repulsion. 

b.  magentic  attraction. 

c.  hairspring  tension. 

d.  counter  balance  action. 

7.  Using  figure  9»  which  coil  will  energiase  with  the  landing 
gear  in  the  down  position? 

a.  Up  coil. 

b.  Down  coil. 

c.  Both  coils. 

d.  neither  coil. 

8.  Using  figure  9»  if  the  down  microswitch  remained  closed  when 
th3  landing  gear  retracted »  the  indication  would  be 

a.  word  'njp**' 

b.  Crosshatch. 

c.  picture  of  gear. 


Figure  9. 
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Frame  8  (Continued) 

Hatch  the  functions  fiom 
placing  the  correct  letter  In 

Column  A 

9»  Up  solenoid  coil 

10.  Up  microswltch 

11.   Indicating  drum 

12.  Hairspring 

13.  Soft  Iron  cores 

14.  Down  solenoid  coll 

15.  Down  microswltch 


Colxjmn  B  to  their  name  in  Column  A  by 
the  blank  provided. 


Column  B 

closed  when  landiag  gear  is  down* 


a. 

be 

c. 
d. 


attracted  to  solenoid  coiZs  when 
either  coil  energizes. 

2SV  DC  power  source. 

closed  when  landing  gear  is  up. 


e.     keeps  Crosshatch  in  view  when 
power  is  removed. 


f.  energized  when  down  switch  is 
closed . 

g.  energizes  when  up  switch  Is 
closed. 

h*     rotated  to  display  crosshatcfa» 
up»  and  gear* 


Answers  to  Frame  7:1.  b 

Answers  to  Frame  8:    1.    b  2.  d 

7.    b  8.  c 

^                              12.  e  13. 


3.    d     4.    b      5.    a  6. 
b      14.       f      15.  a 


c 
h 
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Section  B 
(3ABR32531  ONLY) 

Fraiae  1 

As  aircraft  becama  larger  and  heavier^  a  wing  flap  system  was 
added  to  the  wing  to  Increase  lift  for  take  off  and  increase  drag 
for  landing.    With  thia  addition  a  system  was  developed  to  display 
the  position  of  the  wing  flaps  to  the  pilot,    the  system  that  was 
found  to  be  the  most  practical  system  was  the  SAlf-pynchronous  indi- 
cating system.    The  self-synchronous  system  is  known  as  the  selsyn 
system.    This  system  la  made  up  of  a  transmitter  and  an  indicator. 
Figure  1  shows  a  diagram  of  a  selsyn  system. 


tNOlCATOR 


Figure  1. 

Refer  to  figure  1  and  circle  the  correct  answer  to  the  following 
statements. 

1.  The  flap  .positibn  indicating  system  consists  of  a 

a.  transmitter  and  flap. 

b.  Indicator  and  flap. 

c.  transmitter  and  Indicator. 

d.  transmitter  and  control  handle. 

2.  The  flap  position  indicating  system  indicates  the  position 
of  the 

a.  aileron  flaps. 

b.  wing  flaps . 

c.  elevacor  flaps. 

d.  rudder  flaps. 
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Frame  2 


The  flap  po3ltlon  is  displayed  on  an  indicating  dial  with  a 
pointer.    The  dial  is  graduated  in  5^  increments  from  an  posi- 
tion to  a  **DOWH"  position  with  the  nximber  of  degrees  dependent  on  the 
aircraft  in  which  it  is  to  be  used.    The  pointer^  when  referenced  to 
the  dial^  will  display  the  extent  of  travel  (movetoent)  of  the  wing 
flaps.    Refer  to  figure  2  and  notice  the  position  of  the  pointer. 
A  small  *'PuXl  Off**  magnet,  located  in  the  indicator  will  reposition 
the  pointer  to  this  position  (Off  Scale  Up)  whenever  potrer  is  lost 
to  the  system.    This  is  done  to  prevent  a  false  indication  to  be 
displayed  on  the  indicator  when  the  system  is  without  power. 

OFF  SCAIE  UP  POSmOK  ^  Pwer  requirement  for  this  system  is  28VDC. 


Figure  2. 


Circle  the  correct  response  to  the  following  statements* 

1.  The  wing  flap  indicator  is  marked  in 

a.  inches.  c.     2^  increments. 

b.  feet.  d.      5^  increments. 

2.  The  "Pull  Off*  magnet  will  prevent  the  indicator  from 
giving  a  false  reading  by 

a.  smoothing  out  rotor  operation. 

b.  preventing  rotor  overtravel. 

c.  preventing  rotor  undertravel. 

d.  pulling  pointer  off  scale  up  when  power  is  lost. 
Answers  to  Frame  1:    1.    c     2.  b 


frame  3 

The  indicator  diagram  below  shows  a  circular  soft  iron  core  with 
three  coila  equally  spaced  around  the  core.    Each  coil  tapoff  (A,  B, 
and  C)  is  connected  by  wires  to  transmitter  tapoff  tie  points.  The 
rotor  is  a  permanent  magnet  and  is  used  to  reposition  the  pointer. 


COIL 
3 


Figure  3. 

Study  figure  3  and  check  the  true  statement(s) . 
1.     Coils  1,  2,  and  3  are  wound  on  a 
a*      circular  iron  core. 

b.  triacgular  iron  core* 

c.  square  brass  core. 

d.  circular  brass  core. 

Answers  to  Frame  2:    1.    d     2.  d 


HHH 

Frame  4 

As  current  flows  through  the  coils*  north  and  south  poles  are 
set  up  on  each  coll  vhlch  will  rotate  the  rotor  and  pointer  to  indicate 
the  position  of  the  wing  flaps.    In  the  figure  below,  terminals  "A" 
and  "C"  are  the  negatiire  terminals  and  terminal  "B"  is  the  positive 
terminal.    Since  current  flows  from  negative  to  positive,  coils  1  and 
3  have  current  flow  through  them.    The  rotor  and  pointer  in  this  figure 
have  not  been  drawn  at  the  position  that  correspond.'^  with  the  magnetic 
fields  of  the  colls* 


COIL 
3 


Figure  4. 

Study  figure  4  and  check  the  following  stateiiient(s)  that  are  true. 
1.     The  colls  that  have  current  flow  through  them  are  , 

a.  1  and  2. 

b.  2  and  3. 

c.  X  and  3. 

Anstrers  to  Frame  3t    1.  a 
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Frame  5  H^O 

The  transmitter  is  located  in  the  wing  flap  section  of  the  aircraft 
wing.    When  the  wing  flap  is  extended  or  retracted »  a  mechanical 
linkage  turns  the  ^aft  on  the  transmitter.    The  transmitter  Is  con- 
nected to  an  indicator  by  an  electrical  connector  and  wires.  Refer 
to  figure  5  for  a  picture  and  schematic  of  the  selsyn  type  transmitter. 


SELSTN 
TRANSMITTERNs^ 


SHAFT 


ELECTRICAL 
CONNECTOR 


■mANSMITTER 


Figure  5< 


Refer  to  figure  5  and  check  the  true  statementCs) . 

1.     The  wing  flap  transmitter  is  connected  to  the  wing  flap  by 

a.  electrical  connections. 

b.  hydraulic  connections. 

c.  mechanical  linkage. 


Answers  to  frame  4:    1*  c 
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Fraing  6 


on  a  shaft  and  are  Insulated  f^™     \^*    ^^^^  mounted 
circuits.    As  the  shS^^LluSed  bvl  P"^-"*^ 
turn  at  the  same  time  and  eaS^trili  J?^  linkage,  both  arms 

actually  a  Potentiometer  tfcont^S  ioS  '^T'"*  ."^'^ 

the  diagram  of  the  transmitter  """"^S^*    Refer  to  figure  6  for 


CIRCULAR 
STRIP 


TRANSMITTER 


NEGATCTE  ABM 


POSITIVE  ARM 


Figure  6. 

Refer  to  figure  6  and  check  the  true  stateinent(s) . 

3^*=  ^  turned .„the,wlpen.arms„nu>ve- 
a.     at  the  same  time  and  equal  distances. 
.Individually  and  equal  distances. 

c.  at  the  sane  time  and  unequal  distances. 

d.  Individually  and  unequal  distances. 
2.     The  transmitter  unit  Is  basically  a 

a .     am^aeter . 

b  t     potentiometer . 

c.  rheostat. 


Answers  to  Frame  5:    1.  c 

4  . 
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Frame  7 


For  explanation  purpose,  24  volts  Is  used  In  the  following 
frames  to  eliminate  fractions  or  decimals  in  your  calculations*  The 
resistance  strip  has  three  taps  that  are  located  120"*  apart.  This 
unit  is  actually  a  sliuple  voltage  divider*    Referring  to  figure  7, 
notice  that  point  ^'B^'  is  two  thirds  of  the  distance  between  the 
negative  and  positive  wiper  ^rms.    Point  "C"  Is  also  two^thlrds  of 
the  distance  between  the  negative  and  positive  wiper  anus.  Since 
point  V  is  two-thirds  of  the  distance  between  the     and  +  wiper 
arms,  two-thirds  of  the  applied  voltage  is  dropped  between  the  - 
wiper  arm  and  point  **B."    The  other  one-third  of  the  voltage  Is 
dropped  between  point  '*B^'  and  the  positive  wiper  arm.    By  connecting 
voltmeters  between  the  negative  wiper  arm  and  **B,'*  and  the  positive 
wiper  arm  and  "B,"  ypu  would  read  *'16'*V  and  '*8'*V  respectively.  The 
same  readings  are  also  found  at  point  ^*C**  because  **C"  was  also  two- 
thirds  of  the  distance  between  the  negative  and  positive  wiper  arms* 


*1.     A  voltmeter  connected  between  the  negative  wiper  arm  and 
point  '*C"  would  indicate  how  imich  voltage? 

a.  OV* 

b.  8V* 

c.  16V* 

d.  24V. 

Answers  to  Frame  6:    1*    <i  *    2*  b 


TRANSMITTER 


Figure  7. 
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'Ftame  8 

The  three  colls  in  the  Indicator  are  connected  to  the  transmitter 
taps  as  shown  in  figure  8»    Since  0  volts  are  applied  to  the  negative 
wiper  antf  thld  0  volts  will  be  applied  to  terminal  *'A"  of  the  indi- 
cator*   Terminals  '*B**  and  "C"  of  tha  transmitter  are  two-thirds  the 
distance  between  the  negative  and  positive  wiper  arms*    With  point  "A" 
COV)  being  more  negative  than  points  "B*'  and  "C"  C16V),  current  will 
flow  through  coil  1  to  point  "B**  and  through  coil  2  to  point  "C."  Using 
the  left-^hand  method  (see  note  below)  the  top  of  coil  1  and  coll  2  will 
be  north  poles  and  will  attract  the  pointer  (south  end  of  permanent 
magnet) . 

Note;    The  left  hand  rule  says  that  in  wrapping  the  left  hand 
fingers  in  the  direction  of  the  current  flow  in  the  coll,  your 
thunib  will  point  to  the  north  pole. 


INDICATOR 


TRANSMITTER 


24V 
DC  SOURCE 


Figure  8. 
HO  RESPONSE  REQUIRED 


Answers  to  Frame  7;    1.  c 


4: 
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Frame  9 


Using  figure  9  below,  clrcU  the  letter  of  the  correct  response 
to  the  following  statements* 


DC  SOURCE 

Figure  9* 


1,  With  24  volts  applied  to  the  positive  wiper  arm,  how  many 
volts  will  be  at  terjiinals  "A**  and  "C"  of  the  Indicator? 

a.  OV. 

b>  8V. 

c.  16V. 

d.  24V. 

2.  Which  two  colls  will  have  current  flow  through  them? 

a.  Colls  1  and  3. 

b.  Coils  1  and  2. 

c.  Coils  2  and  3. 

; 
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Frame  9  (Continued) 

3,      Refer  to  figure  9,    After  you  have  determined  which  coils 
have  current  flov  through  them,  place  the  pointer  in  the 
indicator  In  the  proper  position.    Use  the  diagram  on  your 
response  sheet* 


Answers  to  T  -ime  9:    1*    b     2*    a     3*    Refer  to  page  25  for  the  answer- 

47/ 
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DC 


SOURCE 


Return  to  the  beginning  of  the  programmed  text  and  revievr  the 
objectives*    Uhen  jrou  are  satisfied  that  you  know  and  understand  the 
material*  you  will  take  an  appraisal* 

3ABR32531  -  After  passing  the  appraisal »  you  will  proceed  to  lab 
to  perform  on  an  actual  flap  position  system* 
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Section  C 


(3ABR32632B  ONLY) 

Frame  1 

In  order  to  achieve  the  ability  to  adapt  the  F-111  fighter-bomber 
to  any  combat  situation^  It  uses  a  wide  variety  of  control  surface 
configurations*    To  provide  for  a  safe  flight  and  completion  of  the 
ml6sion»  these  control  surfaces  must  be  monitored  continuously  throughout 
the  flight*    As  displayed  by  figure '1  belov^  there  are  seven  control 
surfaces  to  be  monitored  and  this  Is  done  by  the  use  of  two  multi-display 
indicators* 


Figure  1* 

Circle  the  letter  of  the  correct  response  to  the  following  statement* 

1.     Two  multi-display  Indicators  show  the  position  of  how  many 
different  control  surfaces? 

a*  3 

b  *    5  ji  ^  ^ 

4.  J 

c.  7 
-    d.  9 

26 


Frame  2 

The  first  of  the  two  multi-display  indicating  systems  that  will 
be  discussed  is  the  wingsweep-f lap/slat  position  indicating  system. 
The  purpose  of  this  system  is  to  provide  a  visual  display  of  the  desired 
wingsweep/  actual  wingsweep,  flap  position,  and  the  slat/auxiliary  flap 
position. 

Circle  the  letter  of  the  correct  response  to  the  following  statement. 

1.      What  does  the  wlngsweep-^f lap/slat  position  Indicating  system 
indicate? 

a.  Wingsweep  position,  flap  position,  and  slat  position. 

b.  Desired  wingsweep  position,  acttisl  wingsweep  position, 
flap  position,  and  slat/aux  flap  position. 

c.  Flap  position,  wingsweep  position,  and  horizontal 
stabilizer  position. 

d.  Desired  wingsweep  position,  desired  flap  position,  and 
slat  position. 


Answer  to  Frame  1:    1*  c 


Frame  3 


45^ 


The  wlngsweep  section  of  the  system  contains  two  indications 
displayed  on  a  scale  graduated  fmm  16*  to  72*5**    As  shown  below 
in  figure  2,  the  two  indications  are  desired  wingsweep  position,  and 
actual  wingsweep  position*    Each  of  the  two  indications  is  controlled 
by  signals  from  a  synchro  transmitter* 


Mark  the  following  statements  as  TRUE  (T)  or  FALSE  (F)* 

jl*     The  wingsweep  portion  of  the  indicator  displays  two  Indications* 

2*     The  wingsweep  scale  is  graduated  from  16*  to  72*5*. 

_3*     Two  synchro  receivers  are  used  for  each  indication* 


ACTUAL  WING 
SWEEP  POfNTEfl 


DESIRED  WINGSWEEP 
POSITION 


Figure  2* 


Answers  to  Frame  2;    1*  b 
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Frame  4 


The  desired  wingsveep  transmitter  ±3  a  s3mchro  transmitter  and  Is 
located  on  the  wing-flap  position  control  box*    The  rotor  of  the  trans- 
odtter  will  be  mechanically  repositioned  whenever  the  pilot  mantjal/y 
moves  the  wingsweep  handle*    See  figure  3  below*  ^ 


Figure  3,    Wing-Flap  Position  Control  Box* 

Mark  the  following  statements  as  TRUE  (T)  or  FALSE  (F)* 

It      The  desired  wingsweep  synchro-transmitter  is  repositioned 
by  the  wingsweep  control  handle* 

2*     The  desired  wingsweep  transmitter  is  located  on  the  wingsweep 
handle* 

3*      Desired  wingsweep  Is  selected  by  the  pilot* 


Answers  to  Frame  3:       T    1.       T    2*  F_3. 
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Fraaae*  5^ 


The  wlngsweep  sensor  (actual  wingsweep  transmitter)  loonitors  the 

position  of  the  wings  by  the  use  of  a  synchro-generator*  This  sensor 

is  mounted  at  the  left  wing  pivot  and  is  repositioned  by  the  wings  as 
they  are  moving*    See  figure  4  below* 


WING  SW£EP 
SENSOR 


Figure  4* 
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HQ. 

Frame  5  (Continued) 
Circle  the  correct  response  to  the  following  statements. 

1.  The  wlngsweep  sensor  contains  a 
a«     magnetic  sensor. 

b*      synchro  generator, 
c*      synchro  receiver, 
d.      soft  iron  core* 

2.  The  wlngsweep  sensor  Is  repositioned  by  the 
a*     wlngsweep  handle* 

b*     wing-flap  position  control  box. 

c.  wings. 

d.  wlngsweep  hydraulic  control  valve. 


Answers  to  Frame  4:       T    1.       ^    2.    _T  ^3. 


Frame  6 


Remove  Handout  3ABR32632B*H0-302  (found  at  the  end  of  this 
programmed  text).    Use  figure  1  of  Handout  3ABR32632B-HO-'302  with 
the  explanation  of  frame  6  and  frame  7. 

As  the  pilot  moves  the  wingsveep  control  handle »  the  rotor  of  the 
desired  vingsweep  transmitter  is  mechanically  repositioned*    When  this 
rotor  is  turned^  the  uye  wound  stator  assenibly  senses  a  change  in 
voltage  which  has  been  induced  into  each  stator  lead  by  transformer 
action.    This  change  in  voltage  is  transmitted  to  the  stator  leads  of 
the  receiver  synchro  in  the  Indicator  and  sets  up  a  new  magnetic  field. 
This  magnetic  fields  through  magnetic  attraction^  repositions  the  indi-^ 
cator  rotor>    When  this  rotor  is  turned^  the  desired  wingsweep  pointer 
is  positioned^  through  mechanical  linkage^  to  the  position  the  pilot  has 
selected.    In  this  way  the  pilot  can  choose  to  what  position  the  wings 
will  be  swept. 

Circle  the  correct  response  to  the  following  statement. 

1*     The  indicator  rotor  is  repositioned  by 

a.     magnetic  repulsion. 

b*     magnetic  aturacticn. 

c.  mechanical  linkage. 

d.  a  gear  train. 


4S 


KJ 


Answers  to  Frame  5:    1.    b     2.  c 
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Frame  7 


Use  figure  1  of  Handout  3ABR32632B-H0-302  with  the  explanation 
in  this  frame. 

At  the  same  time  the  desired  wingsveep  signal  is  being  transmitted 
to  the  desired  wingsveep  pointer^  a  hydraulic  control  valve  is  opened 
and  the  wings  begin  to  move.    As  the  wings  move^  the  rotor  of  the 
wingsweep  sensor  is  repositioned*    The  rotor  then»  through  transformer 
action^  induces  different  voltages  into  the  three  stator  leads  of  the 
wingsweep  sensor.    This  induced  voltage  of  the  stator  leads  is  trans* 
mitted  to  the  stator  leads  of  the  receiver  synchro  in  the  indicator. 
The  indicator  rotor  is  then  turned  by  the  magnetic  fields  set  up  by 
the  indicator  stators.    This  in  turn  places  the  actual  wingsweep  pointer 
to  the  position  that  agrees  with  the  actual  position  of  the  wings, 

Mark  the  following  statements  as  TRUE  (T)  or  FALSE  (F)  , 

 1.     The  wingsweep  sensor  is  positioned  by  the  wingsweep  handle. 


2,     The  actual  wingsweep  pointer  follows  the  wingsweep  angle, 


Answers  to  Frame  6:    1,  b 


Frailie  8 


The  second  section  of  the  wingsweep-f lap/slat  position  Indicating 
system  is  the  flap  position  section.    The  flap  position  transmitter  is 
located  under  a  cover  on  the  flap/slat  main  drive  actuator  ^d  is  a 
remote  synchro  transmitter.    The  flap  position  is  displayed  on  the 
wingsweep  flap/slat  position  indicator  by  a  pointer  on  a  scale  graduated 
from  0*  to  40*  down  and  operates  by  a  receiver  synchro  located  In  the 
indicator.    See  figure  5  below. 


TRANSMITTER 


Flap/Slat  Main  Drive  Actuator 

Figure  5. 

Mark  the  following  statements,  as  TRUE  (T)  or  FALSE  (F). 

 ^1,     The  flap  position  transmitter  is  located  on  the  flap/slat 

main  drive  actuator. 

 2*     The  main  flap  position  display  on  the  wlngsweep-flap/slat 

position  indicator  is  synchro  operated. 

 3.     The  flap  position  scale  is  graduated  from  0*  to  40**  down. 

Answers  to  Frame  7:       F    1.       T    2.  ^* 
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Frame  9 


Refer  to  figure  2  of  Handout  3ABR32632B-HO-302  while  reading 
this  frame. 

^en  the  pilot  places  the  flap/slat  handle  to  the  flap  down  posi- 
tion a  hydraulic  control  valve  is  opened  and  thus  the  main  flaps  begin 
to  extend  from  the  trailing  edge  of  the  wing*    As  the  flaps  begin  to 
move  the  rotor  of  the  flap  position  transmitter  is  turned*    ^en  the 
flap  position  transmitter  rotor  is  turned,  a  voltage  is  induced  through 
the  transmitter  stators  to  the  stators  of  the  flap  position  receiver  in 
the  wlngsweep-flap/slat  position  indicator*    The  induced  voltage  of  the 
stators  creates  a  magnetic  field  which  turns  the  rotor  of  receiver 
synchro*    This  rotor  then  positions  the  pointer  to  a  position  corres- 
ponding to  the  degrees  of  extension  in  which  the  flaps  have  been  placed* 

NO  R£SFO£tS£  REQUIRED 


Answers  to  Frame  8:       T    1*       T    2*       T  3* 
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IraM  10 


Thus  far,  we  have  dealt  only  with  the  remote  synchro  indicating 
portions  of  the  wlngsweep^ flap/ slat  position  indicating  system.  In 
the  follotring  frames  we  will  cover  the  magnetic  solenoid  operated 
slat  and  auxiliary  flap  display, 

NO  RESPONSE  REQUIRHI 


4 


Answers  to  Frame  9;    HO  RESPONSE  REQUIRED 
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Frame  11 


V6« 


The  poslcion  of  the  slats  and  the  auxiliary  flaps  is  displayed  by 
a  four  position  solenoid  operated  semicircular  device.    The  four  posi- 
tions are  shown  in  figure  6  below*    The  four  positions  are:  '*UP/* 
when  the  slats  and  the  auxiliary  flaps  are  streamlines  (inside  the 
wing)»  **BOTH  DOHN»'*  when  the  slats  and  auxiliary  flaps  are  fully 
extended,  "SIAT  DOWN/*  when  only  the  slats  are  extended*  and  ''CROSSHATCH/' 
whenever  the  surfaces  are  moving  or  when  power  has  been  lost 'to  the 
system* 


Circle  the  letter  of  the  correct  response  to  the  following 
statements . 

1^     A  CROSSHATCH  indication  mpans  that 


a*     power  has  been  lost  from  the  system. 

b.  the  surfaces  are  moving  or  power  has  been  lost  from  the 
system. 

c.  the  surfaces  are  moving  or  transmitter  failure. 


2.     The  "UP"  and  "BOTH  DOWN"  indications  refers  to  the 

a.  spoilers  and  main  flap  positions* 

b.  slats  and  wingsweep  positions* 

c*     slats  and  auxiliary  flap  positions* 

Answers  to  Frame  10:    NO  RESPONSE  REQUIRED 


UP 


SLAT 
DN 


J 


Figure  6* 
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Frame  12 


Refer  to  figure  3  of  Handout  3ABR32632B-HO-302  while  reading 
frames  12  through  15. 

The  "CROSSHATCH**  design  will  ap*^ear  in  the  slat/auxillary  flap 
window  of  the  wingsweep-flap/slat  position  indicator  whenever  power 
is  lost  from  the  system  and  also  whenever  the  surfaces  are  moving. 
Look  at  figure  3.    When  the  circxiit  breaker  CB-1  is  open,  no  power 
is  applied  to  any  of  the  three  colls  in  the  wingsweep*-f lap /slat  . 
position  indicator.    Notice  that  there  is  a  hairspring  attached  to 
the  indicator'  drum^  xhis  hairspring  is  attached  in  a  way  to  make  the 
"CROSSHATCH'*  indication  the  neutral  (center)  position  of  the  drum 
With  this  type  of  set  up,  whenever  power  is  lost  the  indicating  drum 
will  be  rotated  to  the  "CROSSHATCH*'  indication  by  the  hairspring 
tens ion. 

Now,  let*s  engage  (close)  CB-1.    Power  is  applied  to  the  system 
and  depending  on  the  position  of  the  mechanical  switches »  the 
"CROSSHATCH*'  will  be  removed  from  the  window.    If  the  surfaces  are 
moving,  the  mechanical  switches  are  also  moving  between  contact  points 
In  effect,  power  has  been  removed  from  the  coils  and  the  ''CROSSHATCH" 
will  appear  in  the  window. 

Mark  the  following  statements  as  TRUE  (T)  or  FALSE  (F) . 

 1.      The  hairspring  is  neutral  when  the  indicator  is  •*BOTH  DOWN." 

 2.     When  the  surfaces  are  moving,  no  mechanical  switches  are 

closed « 

 3.     With  the  circuit  breaker^  CB-1  open,  the  "CROSSHATCH'*  will 

appear « 


4;u 


Answers  to  Frame  II:    I.    b     2.  c 
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Frame  13 


The  ^'UP'*  indication  appears  In  Che  Indicator  window  when  the  slats 
and  aux  flaps  are  streamlined  (inside  the  leading  edge  of  the  wing)* 
Let's  set  up  this  situation  using  figure  3  of  3ABR32632B-KO-302 *  First 
close  CB-1*    Now  observe  the  switch  labeled  '*Slat  Return  Indicator/* 
It  is  closed  when  the  slats  are  in  the  streamlined  position  (0%)* 
This  provides  a  ground  for  the  Up  coll  of  the  Indicator*    To  complete 
the  circuity  locate  the  top  contacts  of  the  aux  flap  actuator  switches* 
These  switches  will  be  in  the  up  position  whenever  thfe  aux  flaps  are 
streamlined*    Now  trace  the  circuit  from  ground  to  the  Up  coil^  through 
the  closed  top  contacts  of  the  aux  flap  actuator  switches  to  CB*1* 
This  allows  the  Up  coll  of  the  indicator  to  energize  and  pull  the  drum 
count ercloclcwlse  to  the  **UP"  display  of  the  Indicator* 

Using  figure  3»  circle  the  letter  of  the  correct  response  to  the 
following  statements* 


1*     The  Up  solenoid  coll  ground  is  provided  by  the 


a*     aux  flap  actuator  100%  switches* 


b*     slat  70%  switches* 


c*     slat  retam  Indicator  0%  switch* 

2*     The  indication         will  appear  when  the  slats  and  aux  flaps 
are 


a*  moving* 

b  *  deployed  * 

c*  Inoperative* 

d*  streamlined* 


Answers  to  Frame  12:       F    1.       T    2*       T  3* 


Frame  14 

The  pilot  can  e:ctend  the  slats  without  extending  the  aux  flaps* 
This  is  possible  due  to  the  fact  that  the  slats  must,  be  fully  extended 
before  the  aux  flaps  begin  to  extends    Uhen  this  occurs*  tlie  two  slat 
position  monitor  70%  switches »  shown  In  figure  3  of  3ABR32632S-HO-302* 
close  as  the  slats  reach  the  70%  extension  points    At  this  time  the  slat 
return  indicator  switch  opens «    A  path  to  ground  is  now  provided  for  the 
slat  down  solenoid  coll  in  the  indicator «    Since  the  aux  flaps  have  not 
been  extended^  the  aux  flap  actuator  switches  will  still  be  In  the  0% 
position.    With  CB-1  closed*  we  can  trace  a  complete  circuit  from  the 
ground  at  the  slat  position  monitor  through  the  slat  down  coll  to  the 
circuit  breaker*    Now  that  the  slat  down  coll  has  been  energized*  the 
indicator  drum  would  be  pulled  clockwise  to  the  "slat  down*'  position* 

Circle  the  letter  of  the  correct  response  to  the  following 
statements* 

1*     When  the  slat  down  coll  Is  energized*  the  dial  rotates  to 
what  position? 

a*  "UP" 

b*  "Crosshatch" 

c*  "Slat  down'' 

d*  "Both  down*' 

2.     With  the  slats  down* 

a*  the  slat  return  indicator  switch  closes* 

b*  circuit  breaker  CB-1  opens* 

c*  one  slat  position  monitor  switch  closes* 

d*  both  slat  position  monitor  switches  close* 


4;\3 


Answers  to  Fraiae  13:    1.    c     2.  d 
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Frame  15 

The  pilot  may  also  extend  both  the  slats  and  aux  flaps.  When 
this  occurs  the  slats  are  fully  extended  before  the  aux  flaps  begin 
to  extend.    Using  figure  3  of  3ABR32632B-H0-302  for  this  condition* 
the  following  will  occur.    With  the  slats  fully  extended*  the  slat 
position  iQonitor  switches  are  closed  and  the  aux  flap  actuator  switches 
are  closed  to  the  top  contacts.    This  causes  the  '*slat  down"  indication 
to  be  displayed  by  the  indicator.    As  the  atjx  flaps  begin  to  extend  the 
aux  flap  actuator  switches  open  and  the  indicator  will  display  the 
'^Crosshatch'*  indication  until  the  aux  flaps  are  fully  extended.  When 
the  aux  flaps  reach  full  extension  th^  aux  flap  actuator  switches  close 
to  the  bottom  contacts  and  complete  the  circuit  for  the  both  down  coil. 
Now  trace  the  circuit  from  the  slat  position  monitor  ground  through 
the  both  down  coil  to  the  bottom  contacts  of  the  aux^  flap  actuator 
switches  ^d  onto  the  circuit  breaker.    With  the  both  down  coil  ener- 
gized* the  indicator  will  display  the  '^oth  down"  indication* 

Mark  the  following  statements  as  TRUE  (T)  or  FALSE  (F). 

 ^1.     The  slats  will  extend  fully  before  the  aux  flaps  begin  to 

move.  *  '  ^> 

2.  When  the  aux  flaps  are  fully  extended*  the  aux  flap  actuator 
switches  close  to  the  bottom  contacts. 

3.  The  ground  for  the  both  down  coil  is  provided  by  the  slat 
return  indicator  switch. 


Answers  to  Frame  14:    1.    c     2.  d 
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Frame  16 


The  wlngsweep-*£lap/slat  position  Indicating  system  that  we  have 
previously  discussed  displayed  the  position  of  the  aircraft  surfaces 
that  create  and  maintain  lift.    The  second  system  we  will  discuss  is 
the  control  surface  position  indicating  system.    This  system  is  used 
to  provide  a  visual  display  of  the  position  of  the  left  and  right 
horizontal  stabilizer »  rudder »  and  spoilers.    See  figure  7  below. 
These  surfaces  are  used  to  control  Che  aircraft  in  pitch,  roll^  and 
yaw. 


Control  Surface  Position 
Indicator 


Figure  7. 

Circle  the  letter  of  the  correct  response  to  the  following 
statements. 

1,  The  control  surface  position  ind^Ecating  system  shows 

a.  rudder^  wlngsweep^  and  spoiler  positions. 

b.  horizontal  stabilizers,  rudder,  and  spoiler  positions. 

c.  horizontal  stabilizers,  rudder,  and  flap  positions. 

2,  Control  surfaces  control  the  aircraft  In 

a.  pitch,  roll,  and  lift. 

b.  roll,  drag,  and  yaw. 

c.  roll,  pitch,  and  yaw. 

r 


Answers  to  Frame  15:       T    1.       T    2.       F  3. 


Frame  X7 


The  right  and  left  horizontal  stabilizers  positions  are  displayed 
by  two  pointers  that  rotate  Independently  of  each  other  and  are 
referenced  against  an  Indicator  scale  graduated  from  20^  (trailing 
edge  down)  to  30°  TEU  (trailing  edge  up)  in  2'  increments »    See  figure 
8a  below,    Wh^A  the  horizontal  stabilizers  inove  in  the  same  direction 
(symmetrical),  the  aircraft  moves  in  pltcU,    As  the  horizontal  stabi- 
lizers move  in  opposite  directions  (assymmetrlcal) ,  the  aircraft  moves 
in  roll.    The  right  pointer  has  a  semicircular  disc  marked  with  RWD 
(right  wing  down)  and  LVD  (left  wing  down)  attached  to  the  base  of  It. 
See  figure  8b  below.    The  left  pointer  has  a  small  triangular  pointer 
attached  to  Its  shaft.    See  figure  8c  below.    As  the  pointers  are 
repositioned  by  the  stabilizers^  the  semicircular  disc  and  the  triangular 
pointer  are  also  repositioned  to  display  the  roll  condition  of  the 
aircraft. 


STAaiLIZERS 

Figure  8a 


Mark  the  following  statements  as  TBUE  (T)  or  FALSE  (F) , 

1,  The  horizontal  stabilizer  pointers  are  turned  together, 

2,  The  horizontal  stabilizer  scale  Is  graduated  from  20"  TED 
to  30^  TEU, 

3,  The  triangular  pointer  and  semicircular  disc  display  the  roll  > 
condition  of  the  aircraft. 


Answers  to  Fr^une  16;    1*    b     2,  c 
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Frame  18 


The  transmitters  for  the  horizontal  stabilizers  positions  are 
synchro  transmitters  and  are  located  one  on  each  pivot  shaft  of  the 
horizontal  stabilizers t    See  figure  9  belowt 

Use  figure  4  of  3ABR32632B-HO-302  and  trace  the  synchro  operated 
signal  flow  from  the  horizontal  stabi3Lizer  synchro  transmitters  to  the 
horizontal  stabilizer  pointers  in  the  control  surface  position  indicator. 


Figure  9- 

Circle  the  letter  of  the  correct  response  to  the  following 
statement* 

1*      The  synchro  transmitters  for  the  horizontal  stabilizers 
are  located 

a*      on  the  indicator* 

b*     on  the  stabilizers* 

c*      on  the  stabilizer's  pivot  shafts* 

Answers  to  Frame  17*       F    1*       T    2  *  T    3  *  ' 
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Frame  19 

The  rudder  portion  of  the  control  surface  position  Indicating 
system  is  also  a  remote  synchro  system  like  that  of  the  horizontal 
stabilizer  position  system*    The  rudder  transmitter  is  located  on  the 
rudder  pivot  shaft  as  shown  in  figure  10a  below.    The  indicator  display 
for  the  rudder  position  is  a  pointer  referenced  to  a  scale  graduated 
from  30°  left  of  center  to  30°  right  of  center  with  0°  as  the  center 
position.    See  figure  10b  below. 

Using  figure  4  of  3ABR32632B-HO^302>  trace  the  rudder  signal  flow 
as  you  did  for  the  horizontal  stabilizers. 


RUDDBR 

POSinOH 
TRANSKITXER 


RUDDER 


Figure  10a. 


Figure  10b < 


Circle  the  letter  of  the  correct  response  to  the  following 
statement. 

1.     The  rudder  position  scale  is  graduated  from 

a.  15°  left  to  15°  right  of  center. 

b.  30"*  left  to  30°  right  of  center. 

c.  0°  to  60°. 


Answers  to  Frame  18:    1.  c 
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Frame  20 

The  last  portion  of  the  control  surface  position  indicating 
system  to  be  discussed  is  the  spoiler  section.    The  indicator  display 
of  the  spoiler  position  is  a  four  window  display  as  shown  in  figure 
11a  below.    There  is  one  window  for  each  spoiler  and  the  display  is 
controlled  by  four  solenoid  coils  in  the  indicator.    Each  window  can 
display  one  of  two  Indications:    Down  and  Blank.    These  indications 
can  be  seen  in  figure  lib  below. 


['  ■^y/       SPOtLER      V  ' 

i  X[In],v[dn]v]dn]  [dnIr^^ 

■  ■■  ■  ■  3Q  ■  ■. .  "  * 
I   >T-»\Z0  5;  -  '  RUDDER  : 


SPOILHR 
POSITION 


BLANK 
(NOT  DOWl) 


DOWN 


Figure  11a 


Figure  lib 


Circle  the  letter  of  the  ccrrect  response  to  the  follot^ring 
statements . 


1. 


2. 


The  control  surface  position  indicator  contains  how  many 
spoiler  windows? 


a. 
b. 
c. 
d. 


2. 
3. 
4. 
6. 


The  two  positions  of  the  spoiler  windows  are 

a.  Up  and  Blank. 

b.  Up  and  Down. 

c.  Down  and  Blank. 
Answers  to  Frame  19:    1.  b 


4:\) 
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Frame  21 


Each  of  the  four  solenoid  colls  in  the  control  surface  position 
Indicator  are  controlled  by  a  mlcroswltch  that  Is  located  on  the  wing 
Where  the  spoiler  mkes  contact  While.  In  the  Down  position* 

Refer  to  figure  4  of  3ABR32632B-HO-302  for  use  with  the  following 
explanation* 

Ab  long  as  the  spoilers  are  In  the  Down  position*  the  spoiler 
retract  mlcroswltches  are  closed*    With  these  mlcroswltches  closed » 
the  solenoid  colls  in  the  indicator  are  supplied  with  a  ground  and 
can  energise  and  hold  the  "Blank'^  shutter  out  of  view*    Wt/enever  the 
spoilers  raise  the  spoiler  retract  mlcroswltch  will  open  and  remove 
the  ground  for  the  solenoid  colls*    At  this  time  the  solenoid  colls 
deenerglse  and  the  *'Blank*'  shutter  will  be  pulled  by  a  hairspring  over 
the  '^Down*'  indication* 

Circle  the  letter  of  the  correct  response  to  the  following 
statement* 

1*     What  indication  will  be  displayed  in  the  spoiler  windows 
When  the  spoiler  retract  mlcroswltches  are  closed? 

a*  Up* 

b*  Down* 

c*  Blank* 


Answers  to  xrame  20:    1«    c     2*  c 
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Frame  22 

Match  the  components  listed  In  column  B  to  the  functions  listed 
in  column  A  by  placing  the  letter  of  the  component  in  the  space 
provided . 

^  B 


_1.     Moved  by  the  wlngsweep 
control  handle 

^2.     Monitors  the  angle  of 
vingstreep. 

_3.      Repositions  the  flap  position 
synchro  transmitter. 

Indicates  tt^o  vingsveep 
positions;  main  flap  and 
slat/anx  flap  positions. 

Indicates  a  pover  failure 
to  the  wingsveep/flap/slat 
indicator. 

^6.     Shafts  the  positions  of  the 
rudder,  two  horizontal - 
stabilizers  and  spoilers. 

7.     4  position  solenoid  display. 


8.  '  Their  position  is  read  oh  a 
scale  of  30*  TEU  to  20*  TED. 

Repositioned  by  the  rudder 
pivot  shaft. 


10,      Pulls  a  shutter  over  the  DN 
when  the  spoilers  are  up. 


Answers  to  Frame  21*.    1*  ,  b 
Answers  to  Frame  22:    *  e  1. 


a  2. 


b  6. 


i  7. 


a.  Wingsweep  Sensor. 

b.  Control  Surface 
Position  Indicator. 

c.  "Crosshatch" 

d.  Horizontal  Stabilizers. 

e.  Desired  Wingsweep 
Transmitter. 

f.  Rudder  Position 
Transmitter. 

g.  Hairspring. 

h.  Flap/Slat  Main  Drive 
Actuator . 

i.  Spoiler  Windows. 

j.     Wingsweep  Flap/Slat 
Indicator. 


h  3. 


d  8. 


_f  9. 


5. 


Return  to  the  beginning  of  the  programmed  text  and  reviaw  the 
objective.    When  you  are  satisfied  that  you  know  and  understand  the 
material,  you  will  take  an  appraisal. 
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INSPECTION,  OPERATIONAL  CHECK*  TROUBLESHOOTING » 
AND  BENCH  CHECK  OF  POSITION  INDICATING  SYSTEMS 


OBJECTIVES 

Given  a  workbook  and  trainers^  perform  an  inspection  and  operational 
check  of  Position  Indicating  Syatems  with  an  accuracy  of  100%  correct 
workbook  responses* 

Given  a  workbook^  test  equipinent  and  trainers^  troubleshoot  Position 
Indicating  Systems  with  an  accuracy  of  lOOSE  correct  workbook  responses* 

Given  a  workbook »  test  equipinent»  and  trainers »  bench  check  Position 
Indicating  Systems  with  an  accuracy  of  100%  correct  workbook  responses* 


6.      Using  the  multiTneter»  and  the  schematic  on  the  trainer*  locate  the 
trouble  indicated.    Record  the  trouble  indication  in  your  response  booklet . 

PROCEDURE   

Follow  the  procedures  carefully  and  make  the  appropriate  r^SDonses 
in  your  response  book.    After  completing  the  workbook  your  instructor 
will  check  your  responses  for  accuracy. 

CAUTION Remove  all  Jewelry  before  performing  the  following  proceduresl 
Be  sure  that  the  trainer  is  not  connected  to  the  28V  DC  power 
supply* 

Place  a  checkmark  (/)  on  the  proper  blank  in  your  response  book 
Indicating  the  condition  or  proper  operation  of  the  unit* 


—   1 

Supersedes  3ABR32531-WB-202  and  3ABR32632B-WB-io2»  28  March  1977. 
OPR:    3360  TCHTG 
DISTRIBUTION:  X 

3360  TCHTG/TTGU-F  -  200;  TTVSA  -rX  ^  ) 


SECTION  A 


EQUIPMENT 


Wheel  Position  Indicating  Trainer 
Multimeter 
3ABR32531-WB-201 
3ABR32531-H0-201  ^ 


Basis  of  Issue 
1/2  students 
1/2  students 
1/ student 
1/ student 


Part  1.    INSPECTION  AND  OPERATIONAL  CHECK 
Dlacotmect  front  and  rear  connector  plugs  on  trainer. 

1.  Inspect  the  Wheel  Position  Indicator  for:  SAT.  UNSAT. 

a.  Security  of  mounting  ^   

b.  Dented  or  cracked  case  ^  ,   

c.  Loose  or  cracked  glass     

d.  Connector  plug  and  pins  for  datBage  and 

corrodion  . 

2.  Inspect  system  wiring  for  condition:  SAT.  UNSAT. 
•a.     Frayed  wires     

b.  Broken  wires     

c.  Bent  or  broken  pins  on  connector  plugs  ,   

d.  Cracked  or  broken  connector  plugs  »  ^  ^ 

3.  Inspect  circuit  breefcer  for;  SAT.  UNSAT. 

a.  Security  of  mounting  .  , 

b.  Cracked  case    ^^^^^ 

c.  Terminals  for  looseness  and  corrosion     

d.  Positive  action  (PUSH»  PULL).     

4.  Inspect  microswitches  for:  SAT,.,.,  UNSAT. 

a.  Security  of  mounting  ^^^^^  — 

b.  Loose  terminals 

c.  Cracked  or  broken  switch  case     

5.  Reconnect  front  and  rear  connector  plugs. 

Note:    Make  sure  keyways  are  aligned.    Tighten  plug  finger  tight. 

6.  Hake  sure  all  trouble  switches  on  the  side  of  the  trainer  are  to  the 
"OUT"  position.    Make  sure  circuit  breaker  Is  pulled. 


7*     Connect  trainer  to  28V  DC  power  outlet  and  begin  operational  check, 
a,     Pxish  circuit  breaker  in« 

8*     Hold  the  landing  gear  in  the  DOWN  position  SAT.  UNSAT. 

do  that  the  microsvitch  is  cloeed^ 

Indicator  indicates  DOWN  and  locked*    , 

9,     Place  landing  gear  in  the  UNSAFE  position » 

The  indicator  indicates  UNSAFE,     

10 «    Hold  landing  gear  in  the  UP  position. 

The  indicator  indicates  UP,     

Part  TROmESHOOIING 

Place  a  checkmark  (/)  beside  the  indicated  readings  and  circle  the 
number  of  the  most  probable  location  of  the  malfunction  of  the  Trouble 
Switches  ^1  and  H* 

1,     Place  trouble  switch  i!^l  to  Che  IN  position* 

a.     Hold  the  landing  gear  to  the  DOWN  and  locked 

position  to  activate  the  DOWN  mlcroswitch*  ^         SAT,  UNSAT. 

the  indicator  indicates  (DOWN  and  LOCKED  )> 

(UNSAFE     ) »  (UP  and  IX)CKED     )  •     

b«      Place  the  landing  gear  to  the  UNSAFE  poaition. 

The  indicator  indicates  (DOWN  and  LOCKED     ) » 

(UNSAFE     ) ,  (UP  and  LOCKED     )  •     

c*      Hold  the  landing  gear  to  the  UP  and  LOCKED  position 
CO  activate  the  V?  mlcroswitch* 

The  indicator  indicates  (DOWN  and  LOCKED  )* 

(UNSAFE  )  »  (UP  and  LOCKED  )  *     

d*     The  most  probable  location  of  the  malfunction  is: 

(1)    Between  the  UP  and  LOCKED  mlcroawitch  and  the  DOWN  coil 
of  the  indicator  * 


it)    Between  the  DOWN  and  LOCKED  microswitch  and  the  DOWN  coil 
of  the  indicator  * 


(3)    Between  the  UP  and  LOCKED  microswitch  and  Che  UP  coil 
of  the  indicator  * 


\)' 


Place  trouble  switch  ^Ifl  to  the  OUT  poaltlon  and  trouble  awltch  #2  to 
the  TX,  position. 

a.  Hold  the  landing  gear  to  the  BOWH  and  LOCKED 

position  to  activate  the  DOWN  ndcroewltch.  SAT.  UMSAT. 

The  Indicator  Indicates  (DOWN  and  LOCKED     )  * 

(UMSATE     ) ,  (UP  and  LOCKED     ) .     

b.  place  the  landing  gear  to  the  UNSAFE  position. 

The  Indicator  Indicates  (DOWN  and  LOCKED  ), 

(UMSAFE     ) ,  (UP  and  LOCKED     ) .     

c.  Uold  the  landing  gear  to  the  VP  and  LOCKED 
position  to  activate  the  UP  loicroswitch* 

The  Indicator  indicates  (DOWN  and  LOCKED^    )  ^ 

(UMSAFE     ) ,  (UP  and  LOCKED     )  *     

d.  The  most  probable  location  of  the  malfunction  la: 

(1)    Between  the  DOWN  and  LOCKED  switch  and  the  circuit 
breaker  . 


(2)    Beti^een  the  UP  and  LOCKED  switch  and  the  UP  coll  of  the 
indicator  . 


(3)    Between  the  UP  and  LOCKED  switch  and  the  DOWN  coil  of  the 
Indicator  . 


CAUTION:    PULL  CIRCUIT  BREAKER  AHD  DISCONNECT  TRAINER  POWER  PLUG 
FROM  OUTLET. 

Prepare  the  multimeter  for  troubleshooting. 

a.  Connect  red  lead  to  the  red  receptacle  and  the  black  lead  to  the 
black  receptacle. 

b.  Place  FUNCTION  switch  to  OHMS. 

c.  Place  RANGE  switch  to  the  OHMS  X  1  position. 

d.  Short  the  red  and  black  leads  together  and  zero  thd  meter  with 
the  OHHS  ZERO  ADJUST  KNOB* 

Disconnect  the  front  and  rear  connector  plugs  from  the  trainer. 

Place  trouble  switch  S2  to  the  OUT  position  and       to  the  IN  position. 

Using  the  multimeter*  and  the  schematic  on  the  trainer,  locates  the 
trouble  indicated.  Record  the  trou*ile  indication  In  your  response 
booklet. 

O  \) 
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NOTE:    TROUBLE  WIU  HOT  BE  FOUND  BETWEEN  MICROSUITCH  AND  THE  FEMALE 
CONNECTOR  AT  THE  REAR  OF  THE  TRAIHERl 

7,  Record  the  location  of  the  trouble  by  circling  the  letter  of  the 
correct  statement. 

a.  Open  D77A20N; 

b*  D113B20  Open. 

c.  Open  "A"  between  female  Indicator  connector  ani  test  point  A. 

d.  Open  "C*  between  female  Indicator  connector  and  test  point  C, 

8,  Place  jJl  trouble  switch  to  the  out  position,  and  pXac**  //2  troubia 
switch  to  the  In  position. 

9,  Record  the  location  of  the  trouble  by  circling  the  letter  of  the 
correct  statement, 

a.  Open  D114B20* 

b.  Crossed  A  &  C  leads  at  Indicator  connector. 

c.  Crossed  B  &  C  leads  at  Indicator  connector. 

XO,    Place  if2  trouble  switch  to  out  position* 

Part  3,    BENCH  CHECK 
1,     RaconoQct  the  front  connector  plug, 

2*     Using  the  multimeter »  measure  the  resistance  of  the  Indicator  colls 

at  tha, Indicator  test  points  A»  B»  G,,    Record  these  resistance  values 
In  tha  proper  blanks  and  place  a  checkmark  (^)  In  your  response  booklet 
to  Indicate  whether  the  value  is  Satisfactory  or  Unsatisfactory, 

3*     Place  multimeter  range  switch  on  OHHS  X  100. 

OHMS  SAT  UNSAT 

a.  Teat  point  A  to  test  point  B 

(  1050  ohms  ±  20%  )       

b.  Test  point  B  to  test  point  C 

(  1050  ohms  ±  20%  )       

c.  Test  point  A  to  test  point  C 

(  2200  ohms  ±  20%  )    

4,      Reconnect  rear  connector  plug  on  trainer  finger  tl^t* 
(M£ke  sure  ICEYWAY  is  aligned,) 

5*      Place  multimeter  FUNCTION  switch  to  DC  VOLTS  and  the  RANGE  awj.tch 
to  1000,    (Safety  L  position)* 

6<     Disconnect  leads  from  multimeter, 

7,      Place  multimeter  and  leads  back  Into  the  meter  cabinet. 


y?6 


8.  Place  trainer  back  on  proper  shelf. 

9.  Have  Instructor  check  your  workbooks 

SECTION  B  3ABR32531-WB-201 

EQUIFHENX 

Basis  of  Issue 
Flap  Position  Indicator  Trainer  1/2  students 

Multimeter  ^     1/2  students 

3ABR32531-WB-201  1/student 
3ABR32531^HO-20l  l/student 

PKOCEDUKE 

Remove  all  jewelry. 

Be  sure  the  trainer  is  not  connected  to  the  pover  source.  Disconnect 
the  connector  plugs  at  the  indicator  and  trananiltter.    Pull  circuit  breaker 
on  trainer. 

NOTE:    OBTAIN  ALL  EQUIPMENT  BEFORE  STARTING  LAB/PROJECT. 
Place  a  checkmark  (r)  in  your  response  book  indicating  the 
condition  or  proper  operation  of  the  unit. 

Part  1.    INSPECTION  AND  OPERATIONAL  CHECK 

1.      Inspect  the  Flap  Position  Indicator  for;  SAT.  UNSAT. 

a.  Security  of  mounting     

b.  Loose  or  cracked  glass   

c.  Condition  of  dial  and  pointer     

d.  Dented  or  cracked  case     


e.     Connector  plug  and  pins  for  damage  or 
corrosion 


2.      Inspect  the  Flap  Position  Transmitter  for;  SAT.  UNSAT. 

a.  Security  of  mounting 

b.  Dented  or  cracked  case  _   


c.      Connector  plug  pins  for  damage  or 
corrosion 


3.      Inspect  the  circuit  breaker  for:  SAT.  UNSAT, 


a.     Security  of  mounting 


b.     Dented  or  cracked  case 


c.  Terminals  for  looseness  and  corrosion     

d.  Positive  action  (pueh-pull)  ,   

4.     Inspect  system  wiring  for:  SAT.  UMSAT. 

a.  Prayed  wires  ,   

b .  Broken  wires*     


c.     Cracked  or  broken  connector  plugs  (2  each)     

5.     E^connect  front  and  rear  connector  plugs  on  trainer* 

6t     Connect  trainer  to  28V  DC  outlet  and  bagin  operational  check. 

Caution:    Make  sure  all  trouble  ^witches  are  to  the  OUT  position. 

7.     Place  flap  to  UP  position* 

a.     Indicator  indicates  (flap  up  )»  (flap  down         (flap  offscale 

up, .   ) .  (flap  15^  ). 

b*     ?uah  circuit  breaker  in*    Indicator  indicates  (flap  up  )» 

(flap  down  ,   )»  (flap  offscale  up  )t  (flapf  15**  ). 

^     8.     Place  flap  to  15*  mark  on  trainer. 

a.     Indicator  indicates  (flap  up  )»  (flap  down     .)  >  (flap  offscale 

,up  ),  (flap  15*  ). 

b*     Pull  circuit  breaker*    Indicator  indicates  (flap  up  )» 

(flap  dcmi^^t  (flap  offscale  up  ^   ) t  (flap  15*  J. 

c*     Reset  circuit  breaker*    Indicator  indicates  (flap  up  )t 

(flap  dosm     ) t  (flap  offscale  up  )t  (flap  15*  ). 

9.  Place  flap  to  DOWN  position* 

a*     Indicator  indicates  (flap  up  )»  (flap  down     )t  (flap  offscale 

up  ),  (flap  15*  ). 

b*     Pull  circuit  breaker.    Indicator  indicates  (flap  up  )t 

(flap  down  ) t  (flap  offscale  up  (flap  15*  J. 

c*     Reset  circuit  breaker.    Indicator  indicates  (flap  up  )t 
(flap  down     ) »  (flap  offscale  up  )»  (flap  15*  ). 

10.  Place  flap  to  UP  position  and  pull  circuit  breaker. 
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Part  2.  TROUBLESHOOTING 

1.  Prepare  the  ayatem  for  troubleshooting  as  follotra: 

a.  Inaiore  that  the  circuit  breaker  la  pulled  out* 

b.  Insure  that  wing  flap  la  In  tha  UP  position. 

c.  Inaute  that  all  trouble  switches  are  to  the  OUT  poaltlon. 

d.  Push  In  circuit  breaker. 

2.  Place  trouble  switch  JSfl  to  the  IM  position^ 

a.  Place  flap  In  UP  position. 
Indicator  Indicates 

* 

b.  Placa  flap  to  15^  mark  on  trainer. 
Indicator  Indicates 

c.  Place  flap  to  1X)WN  poaltlon.  ^ 
Indicator  Indicates 

3.  Place  trouble  switch  JSfl  to  the  OUT  position  and  switch  #2  to  the 
IN  poaltlon. 

a.     Place  flap  In  UF  poaltlon. 
Indicator  Indicates 

b*     Place  flap  to  IS'^  mark  on  trainer. 
Indicator  Indicates 

c.     Place  flap  to  DOWN  position^ 

Indicator  Indicate? 
up  ),  (flap  15*  ). 

4.  Place  trouble  switch  i^l  to  the  OUT  position  and  switch  #3  to  the 
IN  position* 


54  > 


a<     Place  flap  In  VB  position* 
Indicator  Indicates 


b<     Place  flap  to  15^  mark  on  tralnar* 
Indicator  Indicates 

c»     Place  flap  to  DOWN  position* 
Indicator  Indicates 

Place  trouble  switch  //3  to  the  OUT  position  and  switch  #4  to  the 
IN  position* 

a»     Place  flap  In  UP  position* 
Indicator  Indicates 

b*     Place  flap  to  15^  mark  on  trainer* 
Indicator  Indicates 

c»     Place  flap  In  DOWN  position* 
Indicator  Indicates 

Place  trouble  switch  M  to  the  OUT  position  and  switch  95  to  the 
IN  position* 

a<     Place  flap  in  UP  position* 

Indicator  Indicates  "  "~ 

b<     Place  flap  to  15^  mark  on  trainer* 
Indicator  indicates  * 

c*     Place  flap  in  DOWN  position*. 
Indicator  indicates 

51.. 
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Place  trouble  tiwltch  ^5  to  the  OUT  position  and  switch  H  to  the  IN 
position. 

a.  Place  flap  in  UF  position* 
Indicator  indicates^ 

b.  Place  flap  to  15^  mark  on  trainer. 
Indicator  indicates 

c.  Place  flap  in  DOWN  position. 
Indicator  indicates 

Place  switch  H  to  the  OUT  position* 

PULL  CIRCUIT  BREAKER  AND  DISCONNECI  TRAINER  PLUG  PROM  OUTLET. 

DISCONNECT  FRONT  AND  REAR  CONNECTOR  PLUGS  ON  TRAINER. 

Obtain  a  tP'jltiiiieter  and  a  red  and  black  lead  from  the  meter  cabinet. 
Connect  the  red  lead  to  the  red  receptacle  and  the  black  lead  to  the 
black  receptacle. 

a.  Place  Function  switch  to  OHMS, 
b*     Place  Range  switch  to  OHMS  XI. 

c.     Short  the  red  and  black  leads  together  and  zero  the  meter  using 
the  OHMS  ZERO  ADJUST  KNOB. 

Using  the  muitiofiter  and  the  schematic  provided  on  the  trainer* 
locate  and  record  the  trouble  indicated. 

Note:    Use  TEST  POINTS  on  trainer  ONLY* 

EXAMPLE*    i!fD7A20  OPEN,  SHORT  OR  CROSSED  WIRES, 

a.  Place  trouble  switch  ifl  to  the  IN  position. 

WIRE  »   ^   CAUSE  

b.  Place  trouble  switch  jSfl  to  the  OUT  position  and  trouble  switch 
02  to  the  IN  position. 

WIRj;  »    CAUSE 
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c*     Place  trouble  did,tch  02  to  the  OUT  position  and  trouble  switch 
to  the  IN  position* 

fflRZ  #  CAUSE 


dt     Place  trouble  switch  i!f3  to  the  OUT  position  and  trouble  switch 
4!f4  to  the  IN  position^ 

WIRE  1?  _     ^  CAUSE 


e*     Place  trouble  switch  H  to  the  CUT  position  and  trouble  switch 
#5  to  the  IN  position* 

WIRE  #  CAUSE 


£*     Place  trouble  switch  95  to  the  OUT  position  and  trouble  switch 
H  to  the  IN  position* 

WIRE  1?    CAUSE 


g*     Place  trouble  switch  H  to  the  OUT  position* 
11*    Have  instructor  check  your  workbook* 

Part  3*    BENCH  CHECK  ' 
1*  '   Reconnect  the  £ront  connector  plug  to  indicator* 

CAUTION:    Make  sure  trainer  plug  is  disconnected  from  28V  DC  and  all 
trouble  switches  are  to  the  OUT  position. 
* 

2.  Using  the  multimeter ,  perform  a  resistance  check  on  the  indicator 
and  transmitter  XAW  the  instructions  below.    Record  these  resistance 
values  in  the  proper  blanks  in  your  response  booklet  and  place  a  </) 
to  indicate  whether  the  v^ue  is  Satisfactory  or  Unsatisfactory. 

3.  Check  the  resistance  of  the  indicator  coils  at  the  indicator  test 
points  A,  B  and  C  with  ohmmeter  on  XIO  range. 

Note:    The  resistance  values  should  be  the  same  for  each  measurement* 

OHMS          SAT  UNSAT 

a*     Test  Point  A  to  Test  Point  B       

b*      Test  Point  A  to  TeSw  Point  C     

c*      Test  Point  B  to  Test  Point  C    ^   

4#     Disconnect  front  connector  plug  and  connect  rear  connector  plug  to 
transmitter* 

rr  t  - 


) 


n 


5. 


Check  resistance  of  the  transmitter  at  the  transmitter  test  points 
A,  B,  C. 


OHMS 


SAT 


UNSAT 


6. 
7. 

8. 

9. 


a.  Test  Point  A  to  Test  Point  B       

b.  Test  Point  A  to  Test  Point  C      , 

c.  Test  Point  B  to  Test  Point  C  .  ,  ,   

Reconnect  front  connector  plug  on  trainer. 

Place  FUNCTION  switch  on  the  multlneter  to  DC  VOLTS  and  RANGE  switch 
to  1000.    (Safety  L  position) 

Disconnect  leads  from  the  multimeter.  Return  multimeter  and  leads  to 
metex  cabinet.    Erase  your  name  on  the  slgnout  board. 

Return  trainer  to  proper  shelf. 


* 
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inspection 
Sat  unsat 


l.a 
b 

c 

d 


unit  201 
POSITION  INDICATING  SYSTEMS  ' 
Section  A.    WHEEL  POSITION 

Part  I.    INSPECTION  AND  OPERATIONAL  CHECK 
SAT    UNSAT  SAT  UNSAT 


SAT  UNSAT 


2. a 

b 
c 

d 


3.3 

b 
c 

d 


4. a 
b 
c 

d 


OPERATIONAL  CHECK 

SAT  UNSAT 

8.  Down 


SAT  UNSAT 


SAT  UNSAT 


1. 


  9.  Unsafe   

Part  II.  TROUBLESHOOTING 
Sw  ill  to  IN  position  (Indicator  Indicates) 

a.  Down  and  locked   

b.  Unsafe   

c.  Up  and  locked  ,   


10.  Up 


SAT  UNSAT 


d.     Most  probable  location  of  malfunction  (iTae  /  Check  Mark) 


(1) 
(2) 
(3) 


2. 


Sw  if!  to  IN  position  (Indicator  Indicates) 

a.  Down  and  locked   

b.  Unsafe   

c.  Up  and  locked   


SAT  UNSAT 


d.     Most  probable  location  of  malfunction  (Use  /  Check  Mark) 

(1)   . 

(2)   . 

(3)   . 


Record  the  location  of  the  trouble  by  circling  the  letter  of  the  correct 
statement. 


7.      Sw  in  to  IN  Position 
a. 
b. 
c. 

d. 


9.      Sw  in  to  IN  Position 
a. 
b. 
c. 


3. 


Part  III.    BENCH  CHECK 
Measure  resistance  of  Indicator  colls  OHMS 

a.  A  ta  jl^   

b.  B  to  C   

c»     A  to  C   

Section        FLAP  POSITION 
Part  I.    INSPECTION  AND  OPERATIONAL  CHECK 


SAT  UNSAT 


INSPECTION 


SAT 


1  •  a 
b 
c 

d 

e 


UNSAT  SAT 

2. a   

  b   

c 


.NSAT                SAT  UNSAT  SAT  UNSAT 

  3. a     4. a     

  b     b     

  c    c     

d 


OPERATIONAL  CHECK 


7. 


Flap  UP 
a. 


(Indicator  Indicates)  8. 


Flap  to  15*^  (Indicator  Indicates) 
a. 


b.      Push  CB  _ 

Flap  DOWN 
a. 

b.  Pull  CB 

c.  Reset  CB 


b; 

c. 


Pull  CB  _ 
Reset  CB 


2. 


Part  II.  TROUBLESHOOTING 
(Indicator  Indicates)  (Indicator  Indicates) 

Sw    n  to  IN  Position  3.    Sw  112  to  IN  Position 


a.  Flap  Up 

b.  Flap  15° 

c.  Flap  DOWN 


a.  Flap  UP 

b.  Flap  to  150 

c.  ■  Flap  DOWN 


518 


4 


vy7 


4. 


6. 


«  to 

IN  Position 

5, 

Sw 

//A  to  IN  Von  1  tlon 

K  J  ap 

U? 

ii  * 

FlAn  IIP 

Kiap 

h 

Flap  15" 

Flap 

DOWN 

c . 

Flap  DOWN 

Sw 

Its  to 

IN  Position 

7, 

Sw 

if6  to  IN  Position 

a, 

Flap 

UP 

a. 

Flap  UP 

b. 

Flap 

15^ 

b. 

Flap  15° 

c. 

Flap 

DOWN 

c. 

Flap  DOWN 

10.    Locate  and  record  the  indicated  trouble 
a.      Sw  Ifl  to  IN  Position 
Wire  if 


3. 


5, 


b. 


c. 


Sw  //2  to  111  Position 
Wire  i? 


Sw  if3  to  IN  Position 
Wire  if 


Sw  #4  to  IN  Position 
Wire  It 


Sw  to  IN  Position 
Wire  if 


Sw  if6  to  IN  Position 
Wire  It 


Cause 


Cause 


Cause 


Cause 


CausA 


Cause 


Part  III.    BENCH  CHECK 
Check  resistance  of  indicator  colls 

OHMS  SAT 

a.  A  to  B     

b.  A  to  C     

c.  B  to  C    *  

Check  resistance  of  transmitter  colls 

a.  A  to  B 

b.  A  to  C 

c.  B  to  C   
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UNSAT 
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UNIT  202 
PRESSURE  INDICATING  SYSTEMS 
Section  A,    DIRECT  PRESSURE 


INSPECTION 
SATISFACTORY  UNSATISFACTORY 

1,  

2,    

3,     

A,     

5,  • 

6,     

7,     

8,     

9,     


OPERATIONAL  CHECK 

9,      Indication  .     oATISFACTORY   ,  UNSATISFACTORY 

11.    Indication  is  SATISFACTORY   »  UNSATISFACTORY 

BENCH  CHECK 


FRICTION  AND  SCALE  ERROR  CHART 


TEST 

Friction  Error 

Scale 

Error 

WEIGHTS 

BEFORE  TAP 

AFTER  TAP 

1  ^ 

U 

0  PSI 

0  i 

3  PSI 

50  PSI 

50  i 

3  PSI 

100  PSI 

100  ± 

5  PSI 

150  PSI 

150  i 

5  PSI 

200  PSI 

1 

200  i 

5  PSI 

^20 


TROUBLE  FOUND: 
1. 


2.   

POSSIBLE  CAUSES  OF  TROUBLE 
1. 

2.   

3.   

Section  B.    SYNCHRO  PRESSURE 

IKSPECTIOH 
SATISFACTORY  UNSATISFACTORY 

la.    ^  

b. 


e. 
i. 
2a. 
b. 


d. 
3a. 
b. 
c, 
4. 
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OPERATIONAL  CHECK 
PSI      SATISFACTORY  UNSATISFACTORY 
A*        0  psi  check       

5,  50  psl  check       

6,  100  psi  check       

7,  150  psl  check       

8,  200  psi  check       

TROUBLESHOOTING 

2,     The  oil  pressure  reading  is:    HIGH  ,  LOW  ,  ERRATIC  , 

(INOPERATIVE)  LAST  INDICATION  • 

5.     The  oil  pressure  reading  isi    HIGH  ,  LOW  >  ERRATIC  , 

(INOPERATIVF)  LAST  INDICATION  • 

11a*  The  location  of  the  trouble  is  wire  number   

b.  Thetrouble  is  a  SHORT  ,  OPEN  ,  CROSSED  WIRES   * 

12a.  The  location  of  the  trouble  Is  wire  number   

b.  The  trouble  Is  a  SHORT  ,  OPEN  ,  CROSSED  WIRES   . 

BENCH  CHECK 

2a. 

(1)  TEST  POINTS  A-D  OHMS   

(2)  TEST  POINTS  D-C  OHMS   

(3)  TEST  POINTS  A-C  OHMS   

b. 

(1)  TEST  POINTS  A-B  OHMS   

c.    The  transmitter  is  SATISFACTORY  ,  UNSATISFACTORY  

5a. 

(2)  ACTUAL  READING   

(3)  ACTUAL  READING   

(A)    Power  supply  voltages  are    SATISFACTORY    UNSATISFACTORY 
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Pressure 
PSI 

"'akc 

Tolerance 
•'ARC 

Friction  Error 
S  U 

•  : 

Before  Tap     After  Tap 

Scale 
S 

VtT  TOT 

u 

^  1 

0 

20 

4,8° 

1  i 

1 

i 

. 

50 

100 

EZ  100 

180 

150 

260 

6,4° 

200 

340 

6,40 

d.      The  transmitter  is  SATISFACTORY   ,  UNSATISFACTORY 

11a,      Indicator  reads    psi, 

b.      EZ  is  SATISFACTORY   ,  UNSATISFACTORY   , 


Indicator 
PSI 

Test  Trans .Reading 
Degrees 

Before  Tap 
PSI 

After  Tap 
PSI 

Exact 
Degrees 

Friction 
Error 
S  II 

Scale 
Error 

S  U 

0 

200 

50 

100° 

lOOEZ 

180° 

150 

260^  - 

200 

340° 

a.  Friction  and  scale  error  tests  are  SATISFACTORY    UNSATISFACTORY 

14a.      Position  error  check  is  SATISFACTORY    UNSATISFACTORY   

b.  The  oil  pressure  indicator  is  SATISFACTORV    UNSATISFACTORY   
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Secclon  C.    VARIABLE  RELUCTANCE  PRESSUHE 
INSPECTION 
SATISFACTORY  UNSATISFACTORY 
la,     

b.     

c.  

d.     

e.     

f .     

SATISFACTORY  UNSATISFACTORY 

2a.     

b.     

Ct     

\ 

d.     

OPERATIONAL  CHECK 

3a.    The  oil  pressure  reads  OFF  SCALE  LOW  ,  ZERO   ,  OFF  SCALE  HIGH  

4a.    The  oil  pressure  reads  OFF  SCALE  LOW  ,  ZERO  ,  OFF  SCALE  HIGH  

6a.    The  Indicator  reads  ZERO  ,  100  psl  . 

TROUBLESHOOTING 

2a.    The  Indicator  Indicates  60  psl   ,  OFF  SCALE  LOW  ,  OFF  SCALE  HIGH 

b.    The  system  Is  SATISFACTORY   ,  UNSATISFACTORY  . 

3a,    The  indicator  Indicates  60  psl   ,  OFF  SCALE  LOK  ,  OFF  SCALE  HIGH 

b.    The  system  la  SATISFACTORY   ,  UNSATISFACTORY   , 

4a.    The  incicator  Indicates  60  psl   ,  OFF  SCALE  LOW  ,  OFF  SCALE  HIGH 

b.    The  system  Is  SATISFACTORY   ,  UNSATISFACTORY   . 
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S03 

10,    TROUBLE  SWITCH  KIND  OF  TROUBLE  ,  WIRE  NUMBER 

in     

n     

//3     

BENCH  CHECK 


3a. 

The 

indicator 

indicates 

pal. 

b. 

The 

system  is 

SATISFACTORY 

,  UNSATISFACTORY 

4a. 

The 

indicator 

indicates 

psi. 

b. 

The 

system  is 

SATISFACTORY 

,  UNSATISFACTORY 

5a. 

The 

indicator 

indicates 

psi. 

b. 

The 

system  is 

SATISFACTORY 

,  UNSATISFACTORY 

504 


3, 


6<a 
b 

9. a 
b 

14, 


UNIT  203 
TACHOMETER  SYSTEMS 

Part  I.  IKSPECTIOH 


SAT  UNSAT 


1.  a 
b 
c 
d 
e 

2.  a 
b 
c 
d 


2,  PHASE 

A  -  B 
A  -  C 
B  -  C 


VolCage 


Part  II.    OPERATIONAL  CBECK 
SAT  imSAT 


A  -  B 
A  -  C 
B  -  C 


Increase   

satisfactory 


Increase 


Part  III 

decrease   

unsatisfactory   


satisfactory 

a 
b 
c 
d 


decrease   

unsatisfactory 


no  change 
no  change 


1.  PHASE 

A  -  B 
A  -  C 
B  -  C 


OHMS 


Part  IV 
SAT  UNSAT 


"520  ^2 


ros 

SCALE  ERROR  TEST 


Gen.  Freq. 
RPM  (CPM) 

Ind.  Reading 
Percent  RPM 

Indicator 
Read Ing 

Tolerance 
Percent  RPM 

SAT 

UNSAT 

0 

0 

0. 50 

200 

4.8 

— 1 

0.50 

400 

9.5 

0.50 

800 

19.1. 

0.50 

1600 

38.1 

0.80 

2A00 

57.1 

0.80 

3A00 

81.0 

0.50 

3600 

85.7 

0.50 

3800 

90.5 

0.50 

4000 

95.2 

0.50 

4200 

100,0 

0.50 

2d.    Indicator  scale  error  la  SAT    UNSAT 

FRICTION  ERROR  TEST 


Ind.  Reading 
Percent  RPM 

Allowable  Friction  Before 
Percent  RPM           i  Tap 

After 
Tap 

*- 

SAT 

UNSAT 

5 

20 

0.8 

AO 

0.5  1 

1 
1 

1 

70 

0.3  ! 

85 

=  —   i 

0.3  ■ 

100 

 1  

0.3  t 

3a,    The  indicator  friction  error  teat  Is  SAT   ,  UNSAT 

OSCILLATION  TEST 


Indicator  Reading 

Oscillation 

SAT 

imSAT 

Up  to  20  perccrtt  RPM 

0*5  percent  RPM 

20  to  110  percent  RPM 

0*3  percent  RPM  f 

Aa.    The  indicator  oscillation  test  is  SAT       ,  UNSAT 


13 
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fob 


POSITION  ERROR  TEST 


Indicator  Reading 
at  100% 

Tolerance 

SAT 

UNSAT 

15°  UP 

0.30 

15°  to  the  right 

0.30 

15°  to  the  left 

'  0.30 

15°  DOWN 

0.30 

5,  b.  The  indicator  position  error  test  is  SAT  ,  UNSAT 

6.  a   RPM 

b    Starting  test  Is  SAT  ,  UNSAT  


1. 


UNIT  204 
TEMPERATURE  INDICATING  SYSTEMS 
Section  A.    RESISTANCE  THERMOMETERS  ' 

Part  I*  lNSPi:a*10N 

Resistance  thermometer  indicator     1*      Temperature  bulb 

SAT         imSAT  SAT  UNSAT 


a* 
b. 
c* 
d. 


a* 
b. 


3.      Condition  of  wiring 


a. 
b, 
c, 


Id. 
If. 
111. 

11.(1) 
Ij-CD 


4.     Circuit  breaker 


a. 
b. 
c. 


Part  II.    OPERATIONAL  CHECK 

Off  scale  cold  ,  room  temperature  ,  off  scale  hot  

Off  scale  cold  ,  room  temperature  ♦  off  scale  hot  

Satisfactory   ,  Unsatisfactory  .  ^ 

Increase   ,  decrease  ,  remains  the  same 

Increase  ,  decrease   ^  remains  the  same 


Off  Scale  Cold 


Part  III.  TROUBLESHOOTING 

Room  Temperature        Off  Scale  Hot 


1, 
2, 
3, 
4, 
5- 
6. 


U\  switch  to  IN  position 
a.   

91  switch  to  IN  position 
a.   

iff3  switch  to  IN  position 
a.   

9^  switch  to  IN  position 
a.   

95  switch  to  IN  position 
a.   

3ff6  switch  to  IN  position 
a. 


12.  S^l  switch  IN 

13.  Wire  //   . 

U.    Short  ,  Open 


,  Crossed  wires 


15 


15. 
16. 

92  switch 
Wire  if 

IN 

t 

17. 

Short 

,  t 

Open 

t  Crossed  wires 

18. 
19. 

if 2  switch 
Wire 

IN 

20. 

Short 

t 

Open 

,  Crossed  vires 

21. 
22, 

if  it  switch 
Wire  » 

IN 

23. 

Short 

t 

Open 

,  Crossed  vires 

24. 
25. 

if 5  switch 
Wire  S 

IN 

26. 

Short 

J 

y  Open 

f  Crossed  wires 

27. 
28. 

#6  switch 
Wire  // 

IN 

29. 

Short 

t 

Open 

,  Crossed  wires 

Part  IV.    BENCH  CHECK  28.5  VDC 
5.      ACTUAL  INDICATION  SAT  UNSAT 


8.      BENCH  CHECK  22.5  VDC 


BENCH  CHECK  OF  THE  RESISTANCE  BULB 

5.  Ambient  temperature  Is  degrees  centigrade. 

6.  The  calculated  resistance  Is  Otans. 


15.    The  measured  resistance  of  the  bulb  Is      '  Ohms. 
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Section  B,    THERMOCOUPLE  THERMOMETERS 

Part  I.  INSPECTION 

1.      EGT  Indicator  2,      Condition  of  Wiring 

SAT  UNSAT  SAT  UNSAT 

    a*     

b.      b,     

c*  c,   

d.     

3*.    Wiring  harness  and  thermocouples  for  condition 

a*     

b.     

c*     

d« 


Part  II.    OPERATIONAL  CHECK 
2.      Heat  Rise  Check  A.      System  Operation 

b.      Sat  Unsat  b*      Sat    Unsat 


Part  III.    TROUBLESHOOTING  * 

HIGH  LOW  AMBIENT  TEMPERATURE 

1*      Switch  SI  to  IN  position       

2.      Switch  if2  to  IN  position       

3*      Switch  ^3  to  IN  position       

16*    Pos  wire         Ohms*    Neg  wire   Ohms*    Pos  to  neg    Ohms* 

Circle  correct  response  and  record  Ohms  value  for  that  trouble  ONLY* 
17*    Switch  //I  to  IN  position  18*    Switch  H  to  IN  position 

a*     J  Ohms  a.  ^Ohms 

b*    Ohms  b*  ^Ohms 

c*    Ohms  c*   ^Ohms 

19*    Switch  ifZ  to  IN  position 

a*   Ohms 

b*   Ohms 

c*  Ohms 
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Part  IV.    BENCH  CHECK 

4b.    ScPle  Error  Test 
Test  Point 

Switch  if2          4b.    After  Tap  SAT  UHSAT 

200°C       

400°C       

SOO°C       

600°C       

700°C       

800°C       

lOOOOC 


5.      Friction  Error  Test 

Check  Point  Before  Tap  After  Tap  SAT  UNSAT 

200°C         

SOO°C         

700OC         

1000°C 


6.      Position  Error  Test 

t 

Set  check  point  at  700**C 

* 

Indicator 

Heading  Right  Bank  90  SAT  UNSAT 


Left  Bank  90° 


45°  Climb 


45°  Dive 


7b,     SATISFACTORY  ,  UNSATISFACTORY 
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UNIT  205 
FUEL  t'LOW  INDICATING  SYSTi^M 


1. 


A. 


Totalizer  Indicator 
SAT  UNSAT 

a.    

b.    

c.    

d.    

#5  Indicator 
SAT  UNSAT 


a. 
b/ 

c.  ' 

d.  " 


Part  I. 
2. 


INSPECTION 


5. 


Hi*  Indicator 
SAT  UNSAT 

a.  

b.  

c.  

d.  

#5  Transmitter 
SAT  UNSAT 


a. 
b. 


3,     K  Transmitter 
SAT  UNSAT 

a.     

b.     

c. 


6.     Electrical  Wiring 
SAT  UNSAT 


a. 
b. 
c. 
d. 


Part  II.    OPERATIONAL  CHECK 

5b.    Totalizer  Indicator  Indicates  PFH  fuel  flow. 

5c.    System  Is  SATISFACTORY   ,  UNSATISFACTORY   


6b.    Totalizer  Indicator  Indicates  

6c.    System  Is  SATISFApTORY   ,  UNSATISFACTORY 


jj_PFHk£uel  flow. 


8b.  Totalizer  Indicator  Indicates 
8c.    System  Is  SATISFACTORY   


 "        PFH  fuel  flow. 

,  UNSATISFACTORY   


5. 


Part  III.  TROUBLESHOOTING 


Trouble 
Switch 

HA  Indicator 

^5  Indicator 

Totalizer 

1 

norm  t 

Inop  _ 

f 

norm 

f 

Inop 

> 

norm 

,  Inop  _  , 

erratic 

erratic 

4 

erratic^ 

* 

2 

norm  f 

Inop 

f 

norm  

Inop  

> 

norm 

,  Inop  , 

erratic 

* 

erratic 

4 

erratic 

* 

3 

norm  t 

Inop 

f 

Ti^rm 

Inop^ 

'  norm 

,  inop  , 

erratic 

* 

erratic^ 

 4 

erratic 

4 

A 

norm   _  > 

Inop 

f 

norm  

Inop  

norm 

,  Inop  , 

erratic 

* 

erratic 

4 

erratic 

* 

5 

norm  r 

inop  _ 

,  f 

norm 

_f 

Inop 

 f 

norm  

,  Inop  , 

erratic 

* 

erratic 

* 

erratic 

* 

6 

norm  f 

Inop 

f 

norm 

f 

Inop  

norm 

,  Inop  , 

- 

erratic 

erratic 

4 

erratic 

4 

7 

norm  t 

Inop 

,  f 

norm 

f 

Inop  

norm 

,  Inop  , 

erratic  

* 

erratic^ 

4 

erratic 

* 

8 

norm  r 

Inop 

f 

norm 

inop  

norm 

,  inop  , 

erratic 

erratic^ 

* 

erratic 

4 

Chart  1. 
19 
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II, 


Trouble 
Switch 

Wire 

Number 

Kind  of  Trouble 

1 

high  resistance  ,     ♦  open       t  shorted  wires 

2 

hish  resistance       «  open       *  shorted  wires  * 

3 

high  residtance       ^  open       ^  shorted  wires  « 

high  resistance       *  open       »  shorted  wires 

_j  1  

tiigti  resistance^     «  open       «  stiorcea  wires  . 

high  resistance       ,  op^n  ,  shorted  wires 

7  ! 

high  resistance       .  open       ,  shorted  wires 

«  1 

high  resistance  ,  open  ,  shorted  wires  , 

11. 

Chart  2 
Part  tV*    BENCH  CHECK 

Fuel  Flow  Indicator 

Range:  0-12000 

Dial:  A251- 

B16A 

FRICTION 

ERROR 

SCALE 

ERKOR 

PPH    Before  Tap 

.  After  Tap 

S 

u 

Trans.  Ifl  Test 

Exact  ° 

S 

U 

0 

ISO 

400 

 .  1 

47° 

800 

79° 

1200 

111° 

1600 

143° 

2000 

X750 

2075 
(E2) 

180° 

2400 

207° 

2800 

2390 

5000 

•  

2;.° 

9000 

315" 

1X000 

- 

- 

3350 

Position  error  Is  SATISFACTORY 
The  indicator  is  SATISFACTORY 


Chart  3 

_»  UNSATISFACTORY 
»  UNSATISFACTORY 
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UNIT  206 
ENGINE  PRESSURE  RATIO  SYSTEM 

Part  I.  INSPECTION 

1.     Transducer  2.     EPR  Indicator        3.     Electrical  Wiring 

SAT     UNSAT  SAT       UNSAT  SAT  UNSAT 

a.      a.      a.     

b.      b.      b.     

c.      c.         

d.      d.      d.     

e.      e.     

f .   ;  

Part  II.    OPERATIONAL  CHECK 

la.    The  LEAK  CHECK  is  SATISFACTORY  ,  UNSATISFACTORY  . 

SAT     UNSAT  INDICATOR  READING 

2a.       

b.       

c.       

d.       

e.       

f.      .   

g.    • 

h. 


Part  III.  TROUBLESHOOTING 
ERRATIC  INOPERATIVE  NORMAL 


Switch  01  to  IN  position 
2b.  . 
2c.   

Switch  HZ  to  IN  position 

3b.   

3c. 


10.    Switch  Ul  to  IN  position 
a.     Wire  number 


The  trouble  is 


11.    Switch  if2  to  IN  position 
a.     Wire  number 


The  trouble  is 


Part  IV.    BENCH  CHRCK  INDICATOR 


14. 


Setting 
Desrees 

Exact 
Decrees 

I  r  tun    lUI  t  1.U 

UiiJtfl  Oil 
Indicator 

Degrees 

Before  Tap 

AEter  Tap 

VrU-t  fmi 
Error 

ScaU'  j 
I'rror  : 

s 

S 

U 

51. 0 

1.20 

1.20 

■ 

87.8 

1.50 

1.20 

i 

124.6 

1.80 

1.20 

149. i 

2.00 

1.20 

173.7 

2.20 

1.20 

180.  OEZ 

2.25 

186.0 

2.30 

1.20 

198.3 

2.40 

1.20 

222.8 

2.60 

1.20 

271.9 

3.00 

1.20 

\ 

321.0 

3.40 

1.20 

! 

SAT  UMSAT 

X4a.    Friction  Error  test   

b.  Scale  Error  test  '  

c.  Position  Error  test   


22. 


Trans  Itl 

Setting 

Degrees 

Exact 
Degrees 

Press  Ratio 
Units  On 
Indicator 

Degrees 

Tolerances 
Before  Tap   After  Tap 

Friction 
Error 

Scale 
Error 

S 

u 

S 

U 

63.0 

0.02 

3.6 

140.0 

0.04 

3.6 

184. OEZ 

0.053 

212.0 

0.06 

3.6 

284.0 

0.08 

3.6 

356.0 

0.10 

3.6 

- 

SAT  V/NSAT 

22a.  Friction  Error  test   

b.  Scale  Error  test   

c.  Position  Error  test   
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UNIT  207 

RI-StSTANCE-a-YPE  LIQUID  QUANTITY  SYSTliM 
i'art  I.  INSPECTION 


SIS 


1. 


4. 
5. 
6. 


1. 


2. 


3. 


A. 


10. 


Indicator 

SAT  UNSAT 


2.     Elec  Connectors 
SAT  UNSAT 


Elec  Wiring 
SAT  UNSAT 


a. 
b. 
c. 
d. 
e. 


empty 
empty 
empty 


a. 
b. 
c. 
d. 
e. 


a. 
b. 
c. 


Part  II.    OPERATIONAL  CHECK 


,  full 
full 
full 


Part  III.  TROUBLESHOOTING 

//I  switch  IH 

a.  Off  scale  empty  ,  off  scale  full   ,  low  ,  high  

b.  Indicator  moves       ,  does  not  move   . 

n  switch  IN 

a.  Off  scale  empty  ,  off  scale  full   ,  low  ,  high  . 

b.  Indicator  moves       .  does  not  move       .  » 

n  switch  IN 

a.  Off  scale  empty  ,  off  scale  full  ,  low  ,  high  . 

b.  Indicator  moves  ,  does  not  move  . 

switch  IN 

a.  Off  scale  empty  ,  off  scale  full  ,  low  ,  high  . 

b.  Indicator  moves  ,  does  not  move  . 

Trouble 

Sxritch      Open,  Short,  etc.     Wire  Number  or  Numbers 


1. 

2. 

3. 

A. 

Part  IV. 

4a. 

empty 

.  full 

* 

5a. 

empty 

,  full 

* 

6. 

sat 

,  unsat   

* 

22. 

Resistance 
a.  Sac 

Is 
,  Unsat 

Ohms* 

* 

25a. 


Sat 


,  Unsat 
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UNIT  208 

CAPACITANCE  LIQUID  QUANTITY  SYSTEM 
Part  I.  INSPECTION 
FUEL  QUANTITY  INDICATOR  2.      TOTAL/SELECT  FUEL  QUANTITY  INDICATOR 

SAT  UNSAT  SAT  UNSAT 


a. 
b. 
c. 


3.      INTERMEDIATE  DEVICES 


a. 


g.(l) 


(2) 


(3) 


L.W. 

R.W. 

FWD 

AFT 

SUM 


a.     

b.     

c.  ^   

d.     

4.      ELECTRICAL  WIRING 

a,     

b.     

c,     

d.     I 

Part  II.    OPERATIONAL  CHECK 

  h.(l)  TOT  

  SEL  

  FWD   

  AFT 


(4>  TOTALIZER 


(5)  DIFFERENCE   

(6)  SAT   UNSAT 


S 
S 
S 
S 


U 
U 
U 
U 


521 
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5-/? 

Part  III.  TROUBLESHOOTING 


SW  it 

TROUBLE  INDICATION 

Trouble 
Location 

Wire  Number 

Kind  of 
Trouble 

PROBE  SIDE 
or 

PWR  SIDE 

SHORT  OR 
OPEN 

r 
1 
t 

'l 

T 

1 

i 

 \  

J 
1 

4  1 

1 

i 

1 

Chart  1. 


Part  IV*    CALIBRATION  AND  BENCH  CHECK 

3*     b      The  dry  capacitance  reading  is   PF* 

(1)    SAT   UNSAT 


e       Dry  capacitance  reading  Is   ^PF. 

(1)    SAT   UNSAT  ____ 


4*     r       Capacitance  Indicator  indicates  ?y* 

3       For  FULL,  the  capacitance  Is   ^PF* 

5*      1       Dry  capacitance  reading  Is  ^PF* 

(1)    SAT   UNSAT   


o       Dry  capacitance  reading  Is    PF. 

(1)    SAT   UNSAT   


6*      r       Dry  value  Is    PF* 


s*     For  FULLt  the  capacitance  is   ^PF* 
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1. 


4. 


UNIT  209 

VERTICAL  SCALE  ENGINE  INSTRUMENTS  ' 
Section  A.    INSPECTION,  OPERATIONAL  CHECK  AND  TROUBLESHOOTING 


EGT  INDICATOR  2. 
SAT  UNSA'* 

a.     

b.     

c.     

d. 


EPR  INDICATOR  5. 

a.     

b.     

c.     

d. 


Part  I.  INSPECTION 
FUEL  FLOW  INDICATOR 
SAT  UNSAT 

a.     

b. 


c.     

d.    

CIRCUIT  BREAKERS 


a. 
b. 


3.  a-l  &  N-2  TACH  INDICATOR 
N-1  N-2  N-1  N-2 
SATISFACTORY  UNSATISFACTORY 


a. 


d.  

6.    EGT,  N-1  &  N-2  INDICATORS 

a.  EGT    

b.  N-1    

c.  N-2   


Part  II.    OPERATIONAL  CHECK 

6a.  The  28  VDC  power  lamp  glows  ,  does  not  glow 

6b.  The  115  VAC  AOO  Hz  power  lamp  glows   ,  does  not  glow  . 

7a.  ALL  are  removed  from  view  ,  are  not  removed  from  view  . 

8b.  Increase  in  temp   ,  decrease  in  temp  ,  NO  change  in  temp  . 

9a.  Increase  in  RPM  ,  decrease  in  RPM  ,  NO  change  in  RPM  . 

10a.  Increase  in  RPM  ,  decrease  in  RPM  ,  NO  change  in  RPM  . 

11a.  Increase  in  EPR  decrease  in  EPR  ,  NO  change  in  EPR  . 
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Part  in,  TROUBLESHOOTING 


Trouble 
Switch  It 

Indication  of  trouble 
on  ^1  enRines 

1. 

Fuel  flow  OFF  FLAG  shows 

2. 

3. 

A. 

5. 

1 

 i 

6. 

\ 
t 



7. 

8. 

\  ■  

9. 

■ 

10. 

! 

1 

\ 

11. 

\ 
1 

1 

; 

- 

12.                                                                         -  I 

13. 

U, 

15, 

17, 

Chart  1. 

Check  with  INSTRUCTOR  before  removing  power, 

27 
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18. 


Trouble 
Switch  ^ 

Location  of  Trouble 
(Wire  Number) 

OPEN 

HIGH 

RESISTANCE 

1. 

1E500A20  1E500B20 

2. 

3. 

• 

4. 

 1 

5. 

1 

6, 

t 

\ 

 i 

[ 

 1  

8.  1 

( 

9.  ■ 

10. 

r 

u. 

 1  

'  13. 

i  ^  \  

!  14. 

{    15.  1 

i  !  

;  ! 

i  ; 

Chart  2. 

Check  troubles  with  INSTRUCTOR.  ^  -  ^ 
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Section        CONVERTER  BENCHCHECK 
Ib.(l)       N-1  motor  excitation  test        (2)    laotor  excitation  test 


Eng  Position 
MOT  EXC 
SW  38 

Actual  VTVM  Indications 
Nl  N2 

Results 
(S  or  U) 
Nl  N2 

ENG  1 

ENG  2 

ENG  3 

ENG  4 

Table  1*    Pllot*s  N-1  and  N-2  Motor  Excitation  Tests, 


lb- (4)       N-1  control  phase  test  (5)  control  phase  test 


A 
M 
P 
L 

Test  Point 
%  RPM 
SW  15 

Actual  F/U  POT  Control 
Ratio  Indication 

Results 
(S  or  U) 

12                 3  4 

12       3  4 

N 
1 
R 
A 
T 
I 

OC 

N 
2 
R 
A 
T 
I 

° 

.20 

50 

90 

100 

20 

50 

90 

100 

Table  2*    Pilot's  N-1  and  N-2  Control  Phase  Test, 


led)       Motor  Excitation  test  (EGT) 


Engine  Position 
MOT  EXC 
SW  38 

Actual  VTVM 
Indications 

Results 
(S  or  tl) 

ENG  1 

ENG  2 

ENG  3 

ENG  4 

Table  3.    Pilot's  EGT  Motor  Excitation  Test. 
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lc.(3)       Control  Phase  Test  (EGT) 


Test  Point 
EGI  C 
SH  1 

Actual  F/U  POT 
Control  (26) 
Ratio  Indications 

Results 
(S  or  U) 

1               2            3  4 

12       3  4 

lOO^C 

soo^c 

>  t 

AOO^C 

r 

i  600°C 

1 

Table  4.    Pilot's  Exhaust  Gas  Temperature  Control  Phase  Test. 


Id.(l)       Motor  Excitation  Tests  (Fuel  Flow). 


Engine  Position 
MOT  EXC 
SH  38 

Actual  * 
VTVM 

Indications 

Results 
(S  or  U) 

ENG  1 

EHG  2 

t  

ENG  3 

j 

ENG  4  ; 

Table  S.    Pilot's  Fuel  Flow  Motor  Excitation  Tests- 


Id. (3)       Control  Phase  Te??ts  (Fuel  Flow)- 


Test  Points 
Fuel  Flow 
PPH 
SU  38 

Actual  CT  (12) 
Indications  in  degrees 

Results 
(S  or  U) 

12             3  4 

12      3  4 

400 

3000 

6000 

8000 

12000 

Table  6-    Pilot's  ?ual  Flow  Control  Phase  Tests- 
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This  handout  provides  illustrations  supporting  the  instructor's 
presentation  of  each  lesson*    The  booklet  is  yours  to  keep,  so  feel 
free  to  make  any  notations  that  vill  better  your  understanding  vhen 
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UNIT  20X  5*25 
POSITION  INDXCATING  SYSTEM 


UP  AND  LOCKED 


UNSAFE 
(CROSSHATCH) 


DOWN  AND  LOCKED 


Figure  2.    Wheel  Poaiiion  Indications, 


3 

5^7 


Figure  4«    Wheel  Up  and  Locked « 


Figure  5.    Wheel  in  Unsafe  Position, 
NOTES 


5 


DOWN 


nrm=K£> 


UP 


ON  AND 
LOCKED 
9W 


0113830 


<2> 


075Ea0V 


aevoc 


oiiaaao 


TRAINER  TEST  POINTS 

INDICATOR  CONNECTOR  PLUG 
PIN  LETTER  IS  THE  SAME  AS 
TEST  POINT  LETTERS, 


UP  AND 
LOCKED 


^  CONNECTOR  PLUG 
IN  TRAINER 


Figure  6*    Wheel  Position  Indicator  Trainer  Schematic* 


KOTES 


550 


6 


ELECTRICIAL 
CONNECTOR 


Figure  7.    Flap  Position  Transmitter 


7 

55i 


TRANSMlTTEIt  INDICATOR 


Figure  9.    Flap  Transmitter  and  Indicator  Connections* 


TRANSMITTER  INDICATOR 

Figure  10*    Flaps  at  Midscale. 
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UNIT  202 
PRESSURE  INDICATING  SYSTEMS 


OIRECT  PRESSURE  SYSTEM 

- 

USED  FOR 

K     OJL  PRESSURE 

LUBRICATING  OIL  TO  THE  MOVING  ENGINE  PARTS, 

Z.    /UEL  PRESSURE 

FUEL  PRESSURE  TO  ENGINE  CARBURETOR 

VACUUM  PRESSURE 

AIR  DRIVEN  GYROSCOPIC  FLIGHT  INSTRUMENTS. 

4,     MAMtFOLO  PRESSURE 

INTAKE  PRESSURE  TO  ENGINE  MANIFOLD 

5,     HYDRAULIC  PRESSURE 

LANDING  GEAR,  FLAPS,  BRAKES,  ETC. 

Figure  12.    Aircraft  Uses  of  Direct  Reading  Pressure  Gages. 


Figure  13.    Direct  !leading  Gage  Connection  to  Engine. 


BOURDON  TUBE 


^33 


POINTER 


DRAIN 
HOLE 


PRESSURE 
ENTRANCE 


LINK 


SECTOR 
GEAR 


PINION 
GEAR 


Figure  14 »    Cutaway  of  Direct  Reading  Pressure  Gage. 


NOTES 


Figure  15.    Direct  Reading  Pressure  Gage  Bourdon 
Tube  Arrangements. 

NOTES 


12 
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(SLIPPAGE  INDEX  MARK) 
Figure  16.    Instrument  Sange  Markings. 

NOTES 
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ZERO 
ADJUSTMENT 

VENT  PORT 


PtNtON  GEAR 
HAIRSPRING 


ADJUSTMENT 
LEVER 


PRESSURE  BOURDON 
TUBE 

SYNCHRO 
GENERATOR 

VENTED  BOURDON 
TUBE 


OIL  PRESSURE 
INPUT 


SECTOR  GEAR 


PtVOT 


Figure  18.    Traosmitter  Construction. 
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-  lOTOt  AttUMT 


««UtHtt  4  «lff  ItHM 


Figure  19.    Cutaway  of  Synchro  Indicator. 


STATOR,  SHEll 
AND  END  CAP 


S,  STATOd 

WINDINGS 


Y  CONNECTION 


SYNCHRO 
GENERATOR 
CONSTRUCTION 

lOWEft  END  CAP 


STATOfi  IEADS 


ftOTOft  lEAUS 

Figure  20*    Exploded  View  of  Indicator  Synchro* 


LEAD  To 
BOTTOM  RrNG 


SUP  ftlNGS 


16 


FIXED  COILS 


AlOVtNC  con 


PRESSURE  PORT 


HAIRSPltmCS 


THERMlSrOltS 


Figure  22,    Variable  Reluctance  Transmitter  and  Indicator  Cutaways^ 


 ifVi 


fpH^ir^  RUBBER 


DIAPHRAGM 


A 

IFIXED 
ICOILS' 


I 


B 


LTHERMISTORi 
 (YYPICAUl 

PRESSURE  INDICATOR 


-±7  FIREWALL  , 
*     CONNECTOR  1 


ARMATURE 


DIAPHRAGM 
 1_ 


VENT 


■PRESSURE 


PRESSURE  TRANSMITTER 


Figure;  23.    Wiring  Schemjtlc  of  Variable  Reluctance  Pressure 

Indicating  Syston. 


5S2 


t?H«e''      r  RUBBER 


DIAPHRAGM 


+  I6V 


r 


VENT 


ARMATURE 


I+I3V  THERMISTOR 
[_   (TYPICAUj 

PRESSURE  INDICATOR 


•=r  Ft  RE  WALL  , 
~     CONNECTOR  | 


+IOV 


L 


DIAPHRAGM 

 L_ 


J  I 


PRESSURE 


PRESSURE  TRANSMITTER 
Figure  24.    Variable  Reluctance  System  Operation. 


NOTES 
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UNIT  203 
TACHOMETER  SYSTEMS 


Figure  25.    Tachometer  Generator. 


RECIPROCATING  ENGINES 


JET  cNGINES 


Figure  26.    Tachometer  Indicators. 


5ei 


20 


SH3 


I.  MAGNET  (ROTOm 
2.0Rlve  SHAFT 
3.5TAT0R 


4.  ELECTBICAL  CCWNECTOR  RECEPTACLE 
5.0tL  ^AL 


Figure  27,    Cutaway  of  Tachometer  Generator. 


TWO  POLE  ROTOR 
(JET) 


FOUR  POLE  ROTOR 
(RECIPROCATINO) 


I  // 


\\\ 


3 


Figure  28.    Two-  and  Four-Pole  Rotors. 
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56f5 


{ 

TO 

ACCESSORY 
GEAR  TRAIN  o( 
IM  ENGINE  ^ 


PERMANENT 
MAGNET 
ROTOR 


•3  STATOR 
WINGINGS 


CASE 

Figure  29.    Tachometer  Geaerator  Internal  Wiring  Schematic  (Jet) 


NOTES 


11 


J 


MAGNETIC 

DRAG 
ASSEMBLY 


COtL 
SPRING 


HAIRSPRINO 

PERMANENT 
MAGNETIC 

ROTOR 
3  PHASE 
STATOR  WINDINGS 


_  Nj  js_  \-DRJkG 
SPRING  ^ 


ADJUSTMENT 
SCREW 


Figure  30.    Tachometer  Indicator  Components  and  Wiring, 


NOTES 
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UNIT  204 
TEMPERATURE  INDICATING  SYSTEMS 


Figure  34.    Tygtc^l  Resistance  Thermometer  Indicator. 


STEM  TYPE 
SUL8 


MOUNTING 
^  SCREW 


I  1  /; 


ELECTRICAL 
RECEPTACLE 


ELECTRICAL 
RECEPTACLE 


.DISC  TYPE  8UL8 


Figure  35.    Types  of  Resistance  Thermometer  Bulbs , 
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Figure  36.    Typical  Free  Air 
Temperature  System. 


TEMPHBATURe 
BULB 


Figure  37*    Free  Mr  Bulb 
Installation* 


MtCA 

iNSUUTIOM^ 


NICKGL  WIRE 


•RECEPTACUE  PINS 


Figure  38.    Temperature  Bulb 
Construction. 


Figure  39*    Ratiometer  Movement* 


COJL  2 

Figure  40*    Raticmeter  Coil  and 
Pointer  Arrangement* 
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INDICATCR  RECEPTACLE 


RESISTANCE  BULB 


2evoc 


Figure  42*    Resistance  Thermometer  Wiring  Schematic. 
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POSITIVE 
TERMINAL 


NEGATIVE 
TERMINAL 


IRON  LEAO 


WtTH  THC  CONSTANTWI  LEAD 


CONSTANTAN 


Figure  43»    Cylinder  Head  Temperature  Thermocouple  System* 


POSinvE 

TERMMAL 


NECATIVI 
TEfWWAL 


>CHR0IW€L  LEAO- 


^wzzj  i  m 


-ALUMa.  LEAO- 


AMeSS4*l  IteSISTOfl  IN  3EMCS 
WtTH  THC  ALUkiei  LUO 


u 

n 


CHROMEL-ALUMEL  LEAO 


TAILPIPE  THERMOCOUPLE 


ALUMEL 


ti|Tr|  ■  1.^    J 


CHROMEL 


Figure  44*    Exhaust  Gas  Temperature  Theraocouple  System- 
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55H 


ENGINE 


COPPER  WJRE 


IRON  WIRE 


Figure  45,    TheraocoupXe  Principle  of  Operation, 


BACK  OF  INDICATOR 


CYLINDER  HEAD 
TEMPERATURE 


EXHAUST  GAS 
TEMPERATURE 


Figure  46,    Typical  ThermocoapXe  Indicators, 
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Figure  50.    Wiring  Schematic  of  Jet  Engine  Thermocouple  System. 

NOTES 
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UNIT  205 
FUEL  FLOtf  IHDICATIHG  SYSTEMS 


MOTES 


Figure  51.    Fuel  Flow  Transmittet. 


Figure  52.    Moving  Vane  Sensing 
Mechanism* 
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ZZEZM— CASE 


TZZZZZZA 


BAR 

MAGNCT 


lis 


N 


RING 
MAGNET 
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Figure  53.    Magnetic  Coupling. 


Figure  54.    Fuel  Flow  Transmitter 
Range  Switch  Operation. 
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coriiors  ciitctiiT 

ItCAlCf It  rANf L 


FUa  FLOW  tNCHCATOt 

fNGtNl  NO.  1 
{rmCAL  AU  f  NGINtSI 


AOl  TItANSFOItMfIt 


Figure  55.    Fuel  Flow  Individual 
Indicator  Operation. 
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Figure  56.    Fuel  Flow  Totalizer  Indicator. 

NOTES 
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39  . 


•   CNGMC  NO,  2 


1  InJaFUMlNCHOTO^ 

'  1  DJGne  Na  t  1 

U      JLlI  ^ 

0DPtJ3f '$  ORCUT  I  I  { 

BWeaxER  WW-  ft  "if 

'    a<v*c  ' 


I 


TOOMMC 

HCX2 


TOTAL  FUG,  FLOW  tfOCATOft 


-e-Ht- 


  7^  ^ 


PQWEF  SOURCE  FOR 
^  AaKKATOnS 


5vT 


|26V| 


L  I  I  I  L  I 

I   £NC,  H0.2    ENa.  Ha3        Na  4 


FUCL  FtOW  TRANSMfTTCR 


Figure  57*    Fuel  Flow  Indicating  System  Wiring  Schematic* 


NOTES 
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UNIT  206 

ENGIME  PRESSURE  RATIO  INDICATIHG  SYSTEMS 


Figure  58.    Typical  Engine  Pressure  Ratio  Indicating  System. 

HOTES 


5S5 
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Figure  59.    Engine  Pressure  Ratio 
Transducer . 


TRANSDUCER 
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NOTES 


5S7 

43 


5U 


AlRCSeARCH 


Figure  61*    Alrsearch  EPB^^TuaAsducer* 


NOTES 
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Figure  62.    AiResearch  Trar  ..^ucer  Operation  with  PTy  Increase. 

NOTES 


5,9n 
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^69 


Figure  63.    AlResearch  Transducer  Operation  with  PT^  Decrease. 


MOTES 
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NOTES 


Figure  6A.    Engine  Pressure 
Katlo  Indicator.  . 


Figure  65.    Engine  Pressure  Ratio 
Indicator  Internal  Schematic. 
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UNIT  207 

SESISTANCEwTYPE  LIQUID  QUANTITY  SYSTEM 


FLOAT  ANO  AM  ASSEMBLY 


FLOAT  ANO  ARM  ASSEMBLY 


Figure  66.    Float-Type  Liquid  Level  Transmitter. 

L(NK  TD  WJPER  ARM 


OFFSET  UHK 


8ELL0WS  LEVER 


dCLLOWS  SEAL 
ASSEMBtY 


8ELL0WS  ARM 


OPeRATlMO  ROD 


Figure  67.    Bellows  and  Linkage 
Assembly. 


RESISWICE 
STR»> 


WIPER  ARM 


Figure  68.    Wiper  Arm  Assembly. 
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Figure  71*    Resistance  Liquid  Level  System  Operation  (Continued)* 

NOTES 
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UNIT  208 

CAPACITAKCB  LIQUID  QUANTITY  SYSTEM 


C  =  CopacttanCtt 
A  ~  Area  of  Ptatas 
K  -  Distectric 
0  '  Distance  bttwHn 
Platfls 


VACUUM 

A!R  

119/145  GRADE  M/IATK^tTGASOUNE 

FUEL  

Mi53S 
WATER 


t.ooooo 

1.000S9 
1. 971 

.2-093 
5.7  to  7,0 
81.7 


AIR 


FUEL 


+ 


Figure  72.    Capacitor  Characteristics. 
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TANK  UNIT 


fHTEAMEOIATE  DEVICE 


COMPeNSATOR 
CYUNDER 


TANK  UNIT  AND  COMPENSATOR 


.^1 


FUSELAGE  FUEL  INDICATOR 


FUEL  QTY  , 
1    r-^-  1'*  -\ 

fTzoooj  ^ 


SELECT  AND  TOTALIZER 
RJEL  INDICATOR 


ruEL  GAGE  SEL 


FUEL  GAGE  SELECT  SWITCH 


Figure  73.    Capacitance  Fuel  Quantity  Indicating  System  Components. 
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TANK  UNIT 


lisv 

400  Hz 


C|  -Cz 


REFERENCE 
CAPACITOR 


Figure  74.    Capacitance  Riel  Quantity  Indicating 
System  (Basic  Bridge  Circuit) . 
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TANK  UNIT 


IISV 
400Hz 


CAPACITOR 


Figure  75.    Capacitance  Fuel  Quantity  Indicating  System 
(Fuel  Level  Increasing) . 


TANK  UNIT 


'  REFERENCE 
C)  <iC2  CAPAQTOR 


Figure  76.    Capacitance  Fuel  Quantity  Indicating 
System  (Fuel  Level  Decreasing). 


^9^ 


G09 
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57? 


COMPENSATOR  TAXK  UNIT 

Figure  78.    Capacitance  Fuel  Quantity  System  Compensator. 


II5V 
400Hz 


Figure  79.    Capacitor  Fuel  Quantity  Indicating  System 
(Compensator  Added) . 
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FUSCtAGE  FUEL  IMOCATOtt 


0T9Mt 


Figure  83*    Fuselage  Indicator  Wiring  Schematic. 


NOTES 
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UNIT  209 

VERTICAI*  SCAJ.E  ENGIME  IMSTRUMENT  SYSTEMS 


A  POWER  OFF  INDICATORS 

e  Engine  I^RESSURt  RATIO  INDICATOR 

C  TACHOw€T£R  ittPM]  INOICATO* 

0  TACHOwtTtR  [RPMI  INmCATOR 


I  EXHAUST  OAS  TEMpeRATURE  INDICATOR 
F    FUtl  FLOW  INOLCATOR 

0  movacle  tapes 


Figure  85^    Vertical  Scale  Indicators. 
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5$h 

NOTES 


TACH  GEN 


PUSH  PULL 

AC 

CONVERTER 
FREQ  TO 
VOLmCE 

POWER 

AMPL 

AMPLS 

II5V  AC 
400  HERTZ 
SINGLE -PHASE 


AC' 


AMPL 

aipPER 


MODULATOR 

AC 

AMPL 

DC  INPUT 


DC  iNPtn 


MODULATOR 


AC 


AMPL 


AMPL 
aiPPER 


f  MODULATORS 

AC  Vac 


F3 


2£^AMPS 

POWER 

POWER 

SUPPLY 

DC 

AMPLS 

INDICATOR 

S/M  \  61 


Rt 


1>*  ^^^4-*  *^N1  TAPE 
%RPM  INDICATOR  (PILOT) 


%  RPM  INDICATOR  tF/E)  ! 
4.  ^-^-f-^^NlTAPEj 

— WW —    !  i 


R1 


RPM  SYSTEM  BLOCK  DIAGRAM 


Figure  89*    Vertical  Scale  Tachometer  System  Block  Diagram* 


NOTES 


SIDE  VIEW 


X  THERMOCOUPLES 

8.  pfloee 

C  MOUNTING  FtANG£ 

0.  TERMINAL  POST 

MOUNTING  HOLES 

R  ALUMEL  CONNECTING  POST 

G.  CHROMEL  CONNECTING  POST 

H.  EXHAUST  GAS  WLET-OUTLET  PORTS 

Figure  90*    Vertical  Scale  Thermo- 
couple and  Indicator. 
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THERMOCOUPLES 


EGT  CONVERTER 
CHANKL 

AR  13 


I  ALML 
TimT 
CHUQM 


tWHT) 


COLO 
JUNCTION 
COMP  ATI 


OC 


115  VAC 


400  hertz; 

SINGLE*  • 
PHASE  ! 


OC 


•  F2 


OC 


FOWEft 
SUPPLY 


2 
o 


OC  FEEDBACK 


I  FLIGHT  ENQNEERS  iNOtCATOR  ^ — ^ 
^  KT  TAPE  NO.  I  f  \ 

>--»---{    S/M  ) 


\  FOLLOW- 
[POTENTIOMETER 


AC 


DUAL 
CHOPPER 


AC 


AMPL 


AMPL 


Rl 


POWER 

ampL 

aippER 

aipPEff 


TO 


I  FQLLQWUP 
I  POTf 


ENTIOMETER 


TSTFEEEiACK" 


AC 


;l  5/M  \ 

FtXEO  PHASE 


Figure  91.    Vertical  Scale  Thermocouple  System  Block  Diagram* 
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Figure  93.    Cutaway  of  Vertical  Scale  Fuel  Plow  Transmitter. 

MOTES 
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J 


Its  VAC 
400  HZ 


FUEL  PtOW  TRANSMITTER 


Figure  94.    Vertical  Scale  Fuel  Flov  System  Block  Diagram. 


KOTES 


71  ■ 


EPR  TRANSDUCER 


RLOT'S  ff#OICATOfl 


Figure  95.    Vertical  Scale  Qigine  Pressure  Ratio  System 

Block  Diagram. 


NOTES 
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Flight  Training  Devices  S  Instrument  Branch  3ABR32531-HO-200-2 
Chanute  AFB»  Illinois 

INSTRUCTIONS 

This  handout  contains  questions  to  be  answered  after  each  day  of 
class*    Each  page  is  marked  as  to  which  day  it  Is  to  be  completed* 
Your  instructor  will  check  your  work  the  next  morning*    DO  NOT  WORK 
AHEAD! 

POSITION  INDICATING  SYSTEMS 

Day  1 

1.    List  the  components  of  the  wheel  position  indicating  system*   


2*    What  is  the  purpose  of  the  hairspring  in  the  wheel  position  indicator? 


3*    What  is  the  principle  of  operation  of  the  wheel  position  indicator? 


4*    What  is  the  purpose  of  the  flap  position  indicating  system? 


5*    What  is  the  relationship  electrically  of  the  two  wipers  in  the  flap 
position  transmitter?   


6*    What  is  the  pointer  attached  to  in  the  flap  position  indicator? 


7.    In  Che  flap  position  indicator,  what  causes  the  pointer  to  indicate 
**off-scale  up**  when  power  is  lost  to  the  system?   

8*    The  electrical  taps  (pick-off  points)  are  arranged  how  many  degrees 
<ipart  in  the  flap  position  transmitter? 

9-    What  is  another  name  for  a  self-synchronous  indicating  system? 
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10.    What  component  of  the  landing  gear  Indicator  Is  used  to  display 
gear-up>  Crosshatch,  and  gear-down  Indications?   


11.    What  are  the  power  requirements  for  the  (A)  landing  gear  position 
indicating  system  and  the  (B)  flap  position  Indicating  system? 


12.    An  operational  check  of  any  system  should  be  preceded  by  a  cottiplete 

  of  the  system  components  and  accessible 

wiring. 

13»    For  safety  reasons,  what  personal  Items  should  be  removed  prior  to 
working  on  electronic  systems? 


PRESSURE  INDICATING  SYSTEMS 


Day  2 


1»    What  type  pressures  are  measured  by  direct  reading  pressure  Indicators? 


2.  What  Is  used  as  the  reference  pressure  In  a  pressure  measuring  system 
with  a  dual  sensing  element?   

3.  The  Bourdon  tube  Is  designed  so  that  as  pressure  Is  applied  to  the 
tube  it  . 

A.    In  a  synchro  Indicating  system*  where  Is  power  applied  to  and  how 
much?   

5.  What  Is  the  temperature  compensating  device  In  a  single  element 
direct  pressure  Indicator?   

6.  Why  Is  the  synchro  In  the  pressure  transmitter  sometimes  referred 

to  as  a  synchro  generator?   

7.  How  are  the  stators  of  the  synchros  In  the  pressure  Indicating 
systems  wound?   

8.  What  is  the  principle  of  operation  of  the  pressure  transmitter 
synchro?   ,  

9.  What  Is  the  principle  of  operation  of  the  synchro  Indicator? 


to.    What  Is  the  pressure  sensing  element  of  the  variable  reluctance 
indicating  system?   
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li.    What  type  of  circuit  is  the  variable  reluctance  indicating  system? 


12*    In  the  bench  check  of  an  indicator^  the  difference  between  "before 
cap"  and  "after  tap"  readings  Is  knotm  as   


13*    What  is  the  purpose  of  che  thermistors  in  the  variable  reluctance 
indicator? 

14*    What  is  the  purpose  of  slippage  marks?   


IS*    What  does  a  red  radial  range  mark  indicate? 


TACHOMETER  INDICATING  SYSTEMS 

Day  3 

1.    Kow  do  tachometer  systems  indicate  engiue  speed  in  reciprocating 
and  jet  aircraft?   


2.    What  is  the  output  of  a  tachometer  generator? 


3.    How  is  the  3~phase  output  of  a  2*pole  tachometer ^system  transmitted 
through  a  2-wire  harness?   


4*    What  determines  the  frequency  of  the  tachometer  generator  output? 


5*    What  are  che  two  basic  sections  of  a  tachometer  indicator? 


6.  What  is  used  to  prevent  pointer  oscillation  in  the  tachometer 
Indicator?  J  

7.  What  keeps  the  pointer  from  spinning  In  the  tachometer  indicator? 


8.    What  effect  does  an  increase  in  engine  RPH  have  on  the  generator 
voltage  and  frequency  outputs?   


9,    Thfc  tachometer  Indicating  system  is  a  sensitive 

<iystem. 

10.    The  effective  magnetic  poles  of  a  4*-pole  generator  rotor  are 
arranged  at  what  distance  apart?   


II.    What  are  the  three  parts  of  the  synchronous  motor  assembly  in  a 
tachometer  indicator?     
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The  minimum  speed  switch  Is  placed  In  thd  N-1  overspend  system 

for  what  purpose?   

TEMPERATURE  INDICATING  SYSTEMS 

Day  4 

What  type  of  resistance  thermometer  temperature  bulb  Is  used  to 
measure  free  air  temperature?   

Why  Is  nickel  wire  used  In  resistance  temperature  bulb  construction? 


What  Is  the  purpose  of  the  springs  in  the  resistance  type  temperature 
indicator?   

The  indicator  in  the  resistance  type  temperature  indicating  system 
utilizes  what  type  meter  movement?   

Gasket  type  thermocouples  are  used  to  measure  

temperature  on   aircraft* 

What  is  the  putpose  of  the  variable  resistor  in  the  thermocouple  type 
temperature  indicating  system?   

How  are  the  thermocouple  probes  connected  if  more  than  one  is  used? 


How  is  the  variable  resistor  connected  in  the  thermocouple  type 
temperature  indicating  system?   

Which  thermocouple  lead  on  a  jet  aircraft  1$  the  negative  lead? 


What  is  a  thermocouplfi?   

What  is  the  power  requirement  for  the  thermocouple  type  temperature 
indicating  system?   

FUEL  PLOW  INDICATING  SYSTEMS 

Day  5 

What  component  in  the  fuel  flow  transmitter  moves  the  vane  to  a  "no 
flow**  position?  

How  much  vane  movement  is  available  for  the  first  3000  pph  of  fuel 
flow?     
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^  3.    What  device  is  Installed  In  the  transmitter  ta  compensate  for  a 
stuck  vane?   

^*    What  keeps  fuel  from  getting  into  the  electrical  portion  of  the 
fuel  flow  transmitter? 


5*    Why  is  it  necessary  to  increase  the  excitation  voltage  to  the  linear 
synchro  rotor  in  the  fuel  flow  transmitter  when  flows  exceed  3000  pph? 


6*    How  are  the  different  linear  synchros  from  the  separate  engines 
connected  electrically?  Why?   


7*    What  is  the  signal  nulling  unit  in  the  fuel  flow  totalizer  indicator? 

8.    What  is  used  as  a  dampening  device  to  prevent  pointer  overdrive  and 
oscillations  In  the  fuel  flow  totalizer  indicator? 


9*    What  activates  the  hi-lo  switch  in  the  fuel  flow  transmitter? 

10*    How  is  the  motion  of  the  vane  in  the  metering  chamber  of  the  transmitter 
transmitted  to  the' electrical  section?   

11*    What  single  component  of  the  fuel  flow  indicating  system  is  common 
to  both  the  individual  and  the  totalizer  systems?   


ENGINE  PRESSURE  RATIO  SYSTEM 

Day  6 

1*    List  the  components  of  the  EPR  system,   


2,    The    converts  the  difference  between  Pt2  and  Pt7 

pressures  into  an  electrical  signal* 

3t    When  the  engine  Is  operating^  Pt7  is    than  Pt2. 

4-    The  indicator  uses  two  synchro  motors  to  drive  the  pointer.  What 


are  they  called? 


5.    The  AiResearch  transducer  uses  a  >  

and  a    to  convert  pressures  (Pt2 

and  Pt7)  into  mechanical  movementt 

6*    What  determines  which  of  the  two  transistors  Is  forward  biased  thus 
causing  the  DC  motor  to  run?   
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7.    Iixplain  the  basic  operation  of  the  Hlnneapolls--Honeywell  transducer. 


8.  What  is  the  voltage  requirement  cf  the  EPR  system?   

9.  In  the  AiKesearch  transducer,  power  for  the  Indicator  and  transducer 

synchros  is  tapped  off  of  the  of  transducer  trans- 
former Tl. 

10.    Transformer  Tl  in  the  transducer  steps  down  the  AC  and  the  

are  used  to  supply  power  for  the  operation  of  the  motor  and  the 
transistors. 

RESISTANCE  TYPE  LIQUID  QUANTITY  SYSTEM 

Day  7 

1.  The  resistance  type  quantity  indicating  system  is  sometimes  referred 

to  as  the  liquid  quantity  indicating 

system. 

* 

2.  What  device  is  used  to  prevent  liquid  from  entering  the  electrical 
section  of  the  transmitter?   

3.  What  are  the  parts  used  to  make  up  the  mechanical  linkage  which  con- 
nects the  bellows  lever  to  the  wiper  arm  of  the  transmitter  and 

explain  the  primary  function  of  this  mechanical  linkage.   


4.    What  controls  the  amount  of  current  flow  to  the  indicator  coils? 


5.    The  indicator  uses  primarily  a    type  meter  movement. 

6*    The  indicator  dial  Is  calibrated  to  read  in   of  fuel. 

7.  The  two  stationary  coils  in  the  indicator  called  *^def lection  coils" 

are  used  to  deflect  the  ^  when 

current  passes  through  them« 

8,  What  is  used  to  pull  the  pointer  '*off  scale"  when  power  is  lost? 


9*    What  is  used  to  determine  the  range  of  pointer  movement  and  what  are 
the  three  common  ranges?   

10*    What  adjustments  are  made  to  calibrate  the  ohmlc  value  of  the  resistance 
strip  in  the  transmitter?   
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CAPACITAKCE  LIQUID  QUAHTITY  INDICATIHC  SYSTEM 

Day  8 

I*   What  »«  th€  power  requlrtmnt«  of  the  capacitance  type  fuel  quantity 
Ittdlcatiitg  ayatem?  

2*    Llit  the  five  major  conponanti  of  the  capacitance  fuel  quantity  aystem. 


3.   What  li  the  purpose  of  the  fuel  gage  select  switch?   

4*   Vhat  ia  the  putpoae  of  the  eoflpeoeator  probe  and  how  Is  It  connected 
In  the  «yite»7   

5*    The  lead  carries  the  power  from  the  j_ 

to  the  and  then  the  lead  carries 

the  C4{iacitaiice  signal  back  to  the  

to  be  amplified*  ^ 

6.  How  ere  the  tanic  units  in  the  capacitance  fuel  quantity  system 
connected?  ^   

7,  The  provides  empty  capacitance  elgnal 
when  the  drop  tanka  are  not  Installed* 

S.   What  Is  the  normal  Indication  when  the  fuel  g^ga  test  switch  li 
depressed  end  held?  _ 

9.    What  era  the  power  requirements  for  ths  liquid  oxygen  Indicating 
syaC«  (LOX)?  

10.    The  tOK  Indlcetor  reads  from  0  to   of  oxygen. 

VERTICAL  SCALE  INDICATING  SYSTEMS 

Day  9 

I*   What  loui^  systems  are  tynlcally  found  In  the  vertical  scale  systems? 

2*    List  the  components  found  In  ths  vertld  scale  tachometer  Indicating 
system*   ^  , 

3*   What  determines  ths  output  voltage  and  frequency  of  the  tachometer 
generstor?   
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Briefly  dt!scrlbe  the  converter  unit  used  In  the  vertical  scale  Indicating 
system*   

5,  Briefly  define  the  purpose  of  the  converter  channel  board  for  the  tack- 
ometer  system.   

6.  One  set  of  vertical  scale  indicators  is  mounted  on  the  pilot's  panel 
.  and  the  other  set  Is  on  the  panel* 

7*    Vniat  Indications  do  the  Nl  and  N2  tachometer  systems  represent? 


3^    If  power  Is  applied  to  the  tachometer  vertical  scale  Indicating  system^ 
but  the  engine  Is  not  runnings  what  process  takes  place  resulting  in  the 

blenk  Indication  on  the  indicator?  


9.    In  the  vertical  scale  EGT  system^  whkt  Is  used  to  help  prevent  erosion 
of  the  thermocouple  probes?   ]  

10^    What  Is  provided  as  the  input  signal  to  the  vertical  scale  converter 
EGT  channel  boards?   ;  

11.  The  cold  junction  compensator  provides  a  constant  millivolt  reference 
to  the  dual  chopper  regardless  of  changes* 

12.  The  fuel  flow  transmitter  provides  an  output  aifina:^  directly  to  the 
control  transformer  In  the  . 

13.  List  the  seven  components  that  make  up  the  fuel  flow  transmitter. 


1^.    The  vertical  scale  fuel  flow  Indicating  system  Is  sometimes  referred 
to  as  a  ;_  system* 

15.  The  principle  operation  of  the  EPR  transducer  In  the  vertical  scale  EPR 
Indicating  system  is  based  on  the  use  of  a  ^ 

16.  What  is  the  purpose  of  the  rate  generator  In  the  vertical  scale  EPR 
Indicating  system?   
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a*  Direct 

b.  Synchro 

c*      Variable  Reluctance 
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of  instrument  range  markings,  with  an  accuracy  of  at  least  80%, 
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Section  A.    DIRECT  PRESSURE 

Frame  1 

Although  direct  pressure  Indicating  systems  are  not  as  common  on 
today*s  aircraft  as  they  were  on  the  older  type  aircraft,  the  operating 
principles  are  still  used  in  modem  instrument  systems.    Since  direct 
pressure  indicating  systems  were  often  used  to  measure  the  pressure  of 
flammable  oil,  fuel,  etc.»  the  hazard  of  a  bursting  fuel  line  in  the 
cockpit  area  was  always  present.    To  decrease  or  eliminate  this  hazard 
sophisticated  electronic  instruments  were  developed.    Keep  in  mind, 
that  even  though  new  systems  were  developed  there  are  still  aircraft  in 
the  field  that  use  direct  pressure  indicating  systems  and  you  will 
probably  be  performing  maintenance  on  them«    The  direct  pressure 
indicating  system*  as  the  name  implies »  is  used  to  show  the  pilot  or 
crew  members  the  amount  of  pressure  that  is  available  in  a  particular 
aircraft  system.    Some  of  the  direct  pressure  systems  and  their  uses 
are  listed  in  the  chart  below. 


Direct  Pressure  System 

Used  for 

1.    Oil  Pressure 

Lubricating  oil  to  moving  engine  parts. 

2.    Fuel  Pressure 

Fuel  pressure  to  engine^s  carburetor. 

3.    Vacuum  Pressure 

Air  driven  gyroscopic  flight  instruments. 

4.    Manifold  Pressure 

Intake  pressure  to  the  engine  manifold. 

5.    Hydraulic  Pressure 

Landing  gear»  flaps,  brakes,  etc. 

Circle  the  letter  of  the  correct  3tatement(d) . 

1.     A  direct  pressure  indicating  system  Indicates  the 


a.  gallons  of  fuel  in  the  fuel  tanks. 

b.  acceleration  of  the  aircraft. 

c.  pressure  available  in  an  aircraft  system. 

d.  pressure  altitude  of  the  aircraft. 

2.     A  direct  pressure  system  that  indicates  the  pressure  in  the  brake 
system  is  the 

a.  manifold  pressure  system. 

b.  vacutmi  pressure  system. 

c.  delcer  pressure  system. 

d.  hydraulic  pressure  system. 


f 

Frame  2 

Direct  reading  pressure  gages  operate  whenever  the  system  that 
thejr  are  used  in  operates.    There  are  two  categories  of  direct  pressure 
gages.    One  category  Is  the  absolute  pressure  type  and  the  other 
category  is  the  differential  pressure  type.    Absolute  pressure  is  the 
total  pressure  above  zero.    It  Is  called  a  total  pressure  because 
atmospheric  pressure  is  always  present  on  all  objects  on  the  earth* 
Differential  pressure  is  then  said  to  be  the  difference  between  two 
pressures  which  is  usually  the  difference  between  a  systems  pressure 
and  atmospheric  pressure^    Most  direct  pressure  gages  that  are  used 
are  the  differential  pressure  type.    Figure  1  below  shows  a  typical 
direct  pressure  indicating  system^ 


Figure  1* 

Circle  the  letter  of  the  correct  statementCs) . 

a.  All  direct  pressure  gages  measure  absolute  pressure  or 
differential  pressure. 

b.  Direct  pressure  gages  operate  only  when  they  are  turned  **0N". 

c.  Most  direct  pressure  gages  measure  differential  pressure. 
Answers  to  Frame  1:    !•  c     2.  d 
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Frame  3 


To  measure  the  pressure  of  the  various  aircraft  pressure  systems,  a 
device  that  responds  to  pressure  must  be  used*    This  device  is  a  pressure- 
sensitive  element.    There  are  four  different  pressure-sensitive  elements 
that  could  be  used>  but  only  one,  the  Bourdon  tube,  will  be  covered  here* 
The  other  pressure* sensitive  elements  will  be  covered  in  other  blocks  of 
instruction* 

The  Bourdon  tube  responds  to  pressure  changes  by  straightening  out 
(expanding)  when  pressure  increases,  and  coiling  closer  (contracting) 
when  pressure  decreases*    Direct  pressure  gages  and  the  remote  indicating 
systems  operate  on  this  principle  of  pressure-sensitive  elements 
responding  to  pressure  and  to  pressure  changes* 

Circle  the  letter  of  the  correct  statement(s) * 

a*      Direct  pressure  gages  do  not  use  a  pressure-sensitive  element* 

b*      The  Bourdon  tube  is  one  of  the  four  sensing  elemants* 

c*      An  increase  in  pressure  will  cause  the  Bourdon  tube  to 
coil  closer* 

Answers  to  Frame  2:    a>  c 
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Frame  4 


Bourdon  tubes  are  used  to  measure  high  pressures  such 
as  oil,  fuel,  hydraulic,  or  air  pressure^    A  Bourdon  tube  Is 
a  colled  hollow  elliptical  metal  tube  which  Is  anchored  at 
the  open  end  (*'P*') .    The  other  end  of  the  tube  Is  closed^  connected 
to  a  link,  and  Is  free  to  mo\re«    Because  of  the  Bourdon  tubers 
construction.  It  acts  like  a  spring  and  tends  to  straighten 
ot^t  when  Internal  pressure  Is  applied.    See  figure  2  below. 


Circle  the  letter  of  the  correct  statement(s) . 

a«     A  Bourdon  tube  is  a  colled,  round,  metal  tube. 

b.  The  closed  end  of  the  Bourdoja  tube  Is  free  to  move. 

c.  Bourdon  tubes  are  used  to  measure  high  pressure. 

Answers  to  Frame  3t  b 


Figure  2. 
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Frame  b 


Now  let^s  see  how  a.  small  movement  ot  the  pressures-sensitive  element 
is  changed  into  a  large  amount  ot  pointer  travel  or  movement.  As 
pressure  enters  the  Bourdon  tube  the  closed  end  of  the  tube  begins  to 
expand  (straighten  out).    Attached  to  this  closed  end  of  the  tube  Is  a 
connecting  link.    This  link  Is  attached  to  a  sector  gear.    When  the  tube 
straightens  or  colls  the  link  is  moved  and  causes  the  sector  gear  to 
pivot  and  drive  a  pinion  gear.    The  pinion  gear,  when  driven,  rotates 
the  pointer.    The  amount  of  pointer  movement  Is  dependent  upon  the  size 
of  the  sector  and  pinion  gears.    The  large  sector  gear  driving  a  small 
pinion  gear  magnifies  (increases)  the  movement  of  the  pointer  In 
relation  to  the  movement  of  the  Bourdon  tube.    See  figure  3  below. 


Figure  3. 

Circle  the  letter  ot  the  correct  stateraent(s) . 

a.  Pressure  entering  the  Bourdon  tube  will  cause  the  closed 
end  to  coll. 

b.  A  small  movement  ot  the  Bourdon  tube  is  magnified  in 
pointer  travel  by  the  size  of  the  sector  and  pinion  gears. 

c.  The  closed  end  ot  the  Bourdon  tube  is  connected  to  a  link. 
Answers  to  Frame  4:    b,  c  ^ 
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Frame  6 

The  absolute  pressure  type  gage  indicates  the  total  pressure  which 
Is  the  sum  of  the  system  pressure  and  the  atmospheric  pressure^  Since 
the  atmospheric  pressure  is  different  at  diffarent  altitudes  the 
indication  would  change  even  though  the  system  pressure  remained  the 
same*    To  correct  for  this  erroneous  indication  the  differential  pressure 
type  gage  Is  used*    By  placing  the  Bourdon  tube  in  a  vented  case»  as  the 
aircraft  climbs  in  altitude  the  atmospheric  pressure  surrounding  the 
Bourdon  tube  decreases*    Theoretically^  this  decrease  in  pressure  on  the 
outside  of  the  Bourdon  tube  would  cause  it  to  straigjiten*  However^ 
remember  that  the  atmospheric  pressure  on  the  substance  to  be  measured 
also  decreases  with  altitude*    Therefore^  the  reduced  pressure  on  the 
outside  of  the  Bourdon  tube  is  compensated  for  by  the  decrease  in  pressure 
on  the  surface  of  the  substance  to  be  measured*    Consequently^  the 
pressure  gage  indicates  the  correct  pressure  at  al]  altitudes*  Vented 
case  instruments  are  used  ONLY  in  aircraft  that  fly  at  low  altitudes 
(2,000  to  5,000  feet)* 

Circle  the  letter  of  the  correct  statement(s) * 

a*      Atmospheric  pressure  decreases  as  altitude  increases* 

b*     k  decrease  in  atmospheric  pressure  on  the  Bourdon  tube  is 
compensated  for  by  an  Increase  in  pressure  on  the  substance 
to  be  measured* 

c*      In  a  vented  case,  a  change  in  atmospheric  pressure  on  the 
Bourdon  tube  is  equal  to  the  atmospheric  pressure  on  the 
substance  to  be  measured* 

d*     Only  differential  pressure  type  gages  compensate  for 
atmospheric  pressure  changes* 

Answers  to  Frame  5:    b,  c 
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Frame  7 


You  tnay  recall  from  previous  lessons  in  block  I  chat  indicators 
with  vented  (raintight)  cases  were  never  to  be  used  in  aircrr*i>  with 
pressurized  cabins«    Fressurization  Inside  the  cabin  is  normally 
higher  than  atmospheric  pressure  and  that  will  cause  the  indication  to 
read  low«    In  these  aircraft  a  dual  sensitive  element  contained  in  an 
airtight  case  must  be  used«    See  figure  4  below«    With  the  pressure  to 
be  measured,  connected  to  '*F^^,  and  atmospheric  pressure  from  outside  the 
cabin  (cockpit)  connected  to  'V,  the  system  would  operate  as  follows; 
When  the  atmospheric  pressure  on  the  (fuel,  oil  etc«)  decreases,  the 
pressure  Bourdon  tube  would  coil  and  try  to  move  Link  A  to  the  left, 
but  since  the  atmospheric  pressure  on  the  substance  decreased,  it  also 
decreased  In  the  vented  Bourdon  tube«    This  allows  the  vented  Bourdon  tube 
to  cd.1  and  move  Link  B  to  the  right*    With  Links  A  and  B  trying  to  move 
in  opposite  directions  with  equal  force  the  sector  shaft  will  not  move 
and  thus  the  indication  remains  the  same« 


Circle  the  letter  of  the  correct  statement(s) « 

a«      In  pressurized  cabins,  dual  sensitive  elements  are  contained 
in  a  vented  case* 

b*      Atmospheric  pressure  changes  are  compensated  for  by  a  dual 
sensitive  element « 

c*      A  dual  sensitive  element  is  required  with  an  airtight  case* 

d*      Atmospheric  pressure  changes  ara  compensated  for  by  one 
Bourdon  tube  opposing  the  movement  of  the  others 

e»      Movement  of  the  Bourdon  tube  is  aided  by  the  movement  of 
the  other  Bourdon  tube* 

Answers  to  Frame  6:    a,  c,  d 


LINK  B 


Figure  4* 


Frame  8 

Most  metals  expand  with  an  increase  in  temperature  and  contract  with 
a  decrease  in  temperature.    Therefore,  as  the  temperature  of  Che  pressure 
gage  changes  I  the  indication  would  change  due  to  the  expanding  or 
contracting  of  the  Bourdon  tubes.    In  pressure  gages  with  dual  sensitive 
elements  this  would  not  be  a  problem  because  a  temperature  increase  will 
cause  both  tubes  to  expand.    The  two  tubes  are  equal  and  there  is  no 
movement  at  the  free  ends  because  the  opposing  forceSi  due  to  temperature 
changes  I  neutralize  each  other < 

Circle  the  letter  of  the  correct  statementCs) , 

a.      An  increase  in  temperature  causes  most  metals  to  contract. 

b*      With  dual  sensitive  elementSi  a  change  in  temperature  is 
neutralized  by  one  tube  opposing  the  other* 

Answers  to  Frame  7:    b|  C|  d 
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Frame  9 

Since  different  mecals  expand  and  contract  In  varying  amounts  and 
rates  with  temperature  changes,  a  bimetallic  (two  different  metals 
laminated  together)  segment  tall  (figure  SA)  can  be  used  to  compensate 
pressure  gages  with  single  sensitive  elements  for  temperature  changes. 
Suppose  we  use  the  metals  iron  and  aluminum  in  a  bimetallic  segment. 
Aluminum  expands  and  contracts  much  more  than  iron.    As  the  temperature 
Increases,  the  aluminum  expands.    However,  the  iron  laminated  to  the 
aluminum  does  not  expand  as  much  as  the  aluminum.    The  only  way  the 
expansion  of  the  aluminum  can  take  place  is  by  curving  or  bending  around 
the  iron  (figure  SB)*    As  the  temperature  Increases,  the  pressure  sensitive 
element  straightens,  but  at  the  same  time  the  bimetallic  segment  becomes 
shorter  because  of  the  bending  action.    Therefore,  the  straightening  of 
the  element  is  compensated  for  by  the  bending  ot  the  bimetallic  segment. 


aOUROON 


^ALUMINUM 


IRON- 


LINK 


IRON 


BIMETAtIC  SEOMCNT 

ItgM 

Figure  SB. 

Circle  the  letter  of  the  correct  statement(s) . 

a.  A  bimetallic  segment  tail  is  used  to  compensate  for 
temperature  changes  in  pressure  gages  with  a  single  sensitive 
element. 

b.  In  the  bimetallic  segment  tall,  iron  contracts  and  expands 
more  than  aluminum. 

c.  Due  to  a  temperature  change,  an  expansion  of  the  pressure 
sensitive  element  is  compensated  for  by  the  bending;  of  the 
bimetallic  segment. 

Answer  to  Frame  8; 


Frame  10 

When  you  Install  an  Indicator  that  requires  range  or  limit 
markings^  you  must  apply  the  appropriate  range  markings.    The  range 
and  limit  markings  show  the  pilot  at  a  glance  whether  flight 
operation  is  sa£e»  desirable*  or  unsafe.    Instructions  for 
installing  range  markings  are  listed  in  TO  3-1-2.    The  ranges  and 
Imiits  of  the  indicators  are  in  the  aircraft  -1  flight  manual. 

Circle  thp  letter  of  the  correct  statement(s) . 

a.  All  instruments  will  have  range  markings. 

b.  The  application  of  range  markings  is  covered  in  TO  5-1-2. 

c.  XB-52H-1>  and  lF-lllA-1  are  flight  manuals, 

d.  Instrument  specialists  will  install  range  markings. 
Answers  to  Frame  9:    a,  c 
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Frame  IJ 


All  range  markings  except  the  white  radial  (slippage  Index  mark) 
are  decals  and  are  applied  to  the  cover  glass  covering  a  range  of  the 
Indicator  scale.    The  white  radial  Is  painted  on  the  Indicator  cover 
glass  and  extends  onto  the  case  In  a  straight  unbroken  line.    This  mark 
Is  applied  on  the  Indicator  In  an  area  that  has  no  other  range  markings 
or  Indicator  scale.    See  figure  6  belGw.    The  white  radial  must  be  applied 
when  range  markings  are  used.    This  enables  the  pilot  to  determine  If 
the  cover  glass  has  slipped  and  the  range  markings  are  Inaccurate  In 
relation  to  their  position  over  the  dial  numbers. 


Circle  the  letter  of  the  correct  statement(s) . 

a.  The  white  radial  should  extend  from  the  case  onto  the 
cover  glass  In  a  straight  unbroken  line* 

b.  The  white  radial  Indicates  an  area  of  limited  operation. 

c*     A  shift  of  cover  glass  Is  apparent  wh^  the  white  radial 
Is  not  a  continuous  straight  line. 

d.  With  the  exception  of  the  white  radial,  all  range 
markings  are  decals. 

e.  Etange  markings  are  applied  directly  to  the  case. 
Answers  to  Frame  10;    1«  b,  c,  d 


Figure  6* 
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Frame  12 

There  are  cwo  types  of  decal  range  markingd;  the  Radial  and  the 
Arc*    The  range  tnarklngs  are  shown  in  figure  7  below.    The  red  radial 
is  used  to  indicate  minimum  or  maximum  operation.    The  arc  type  range 
marking  can  be  of  four  different  colors,  each  meaning  a  different 
type  of  operation*    See  the  chart  below  for  the  color,  operation, 
meaning  and  type  of  aircraft  It  can  be  used  on* 


COLOR 

OPERATION 

AIRCRAFT 
USED  ON 

RED 

PROHIBITED. 

ALL  TYPES 

GREEN 

NORMAL 

ALt  TYPES 

BLUE 

AUTO^LEAN 

PROPELLER 

YELLOW 

UNDESIREABLE 

ALL  TYPES 

WHITE  RADIAL 
(SLIPPAGE  INDEX  MARK) 


Figure  7* 

Circle  the  letter  of  the  correct  statementCs) • 

a*     Red  and  green  arc  range  markings  are  u^ed  on  propeller 
type  aircraft  only. 

b*     The  green  arc  is  the  range  marking  for  normal  operation* 

c*     A  red  radial  indicates  the  maximum  or  minimum  operation 
limit  for  all  aircraft. 

Answers  to  Frame  11;    a^  c»  d 

Answers  to  Frame  12;    bt  c 

Return  to  the  beginning  of  this  programmed  text  and  review 
the  objectives*    When  you  are  satisfied  that  you  know  and  understand 
the  material  you  will  be  retjxjdred  to  demonstrate  this  understanding 
by  successfully  completing  an  appraisal  on  the  stated  objectives* 
After  successful  completion  of  the  appraisal  you  will  proceed  to  the 
laboratory  to  perform  on  an  actual  direct  pressure  system. 

APPRAISAL 
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Section  B.    SYHCHKO  PRESSURE 

Frame  1 

Machines  that  have  moving  parts  require  some  type  of  lubrication* 
Lubrication  Is  necessary  to  reduce  friction  and  heat  created  by  the 
m->vlng  parts  rubbing  together*    If  friction  and  hear  are  not  reduced, 
excessive  wesr  of  moving  parts  will  cause  premature  failure  of  the 
machine*    Lubrication  plays  a  very  Important  role  In  the  life  and 
durability  of  all  types  of  engines*    For  example,  the  lubricating 
system  In  an  automobile  engine  takes  oil  from  the  oil  pan  (sump), 
filters  It  and  forces  It  under  pressure  to  the  bearings  and  all  moving 
parts*    The  oil  drains  back  into  the  oil  psn  and  the  cycle  is  repeated 
agsln  and  again*    Thus,  cleaned  and  cooled  oil  Is  continually  supplied 
to  the  moving  parts  to  reduce  friction  and  heat*    It  Is  Important  that 
a  means  of  monitoring  the  pressure  be  available*    Any  extreme  variation 
In  pressure  csn  cause  damage  to  the  engine*    Therefore,  we  must  have  a 
dependable  and  accurate  pressure  Indicating  system* 

It  is  also  Important  to  have  a  means  of  monitoring  hydraulic  oil 
pressure*    Since  most  all  modem  aircraft  utilize  hydraulic  pressure 
to  move  control  surfaces,  raise  and  lower  landing  gear,  and  perform  a 
variety  of  other  motlon-^related  functions,  the  malfunction  of  a 
hydraulic  pressure  system  can  lead  to  the  loss  of  an  aircraft  and 
possibly  the  death  or  Injury  of  crew  members* 

This  programmed  text  uses  an  engine  oil  pressure  Indicating 
system  as  a  representation  of  a  synchro  pressure  system*    By  changing 
the  scale  value  on  the  Indicator  to  0-*A00«  1000  psl  and  replacing  the 
Bourdon  tube  (sensing  device)  to  one  constructed  of  a  heavier  material, 
the  same  basic  system  covered  In  this  programmed  text  can  be  used  for 
hydraulic  pressure  Indications* 

NO  RESPONSE  REQUIRED 
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Frame  2 


Since  aircraft  engines  are  lubricated  by  oil  under  high  pressure » 
they  require  an  accurate  oil  pressure  Indicating  system. 

Some  aircraft  engine  oil  pressure  Indicating  systems  are 
synchronous  systems*    They  consist  of  a  pressure  transmitter  on  each 
engine  and  an  Indicator  on  the  pilot^s  Instrument  panel  for  each 
engine.    See  figure  8*    The  Indicator  Is  calibrated  In  pounds  per 
square  inch.    The  transmitter  Is  electrically  connected  to  the 
Indicator. 


TraiwrnlUer 

Indicator 


Figure  8* 

Refer  to  fltfure  8  to  answer  tha  following  questions*  Circle  the 
letter  for  the  correct  response  to  the  following  statement(s} . 

1.  The  dial  of  the  oil  pressure  Indicator  Is  graduated  from 

a.  0  to  200  potinds  per  square  foot. 

b.  0  to  200  ounces  per  square  foot. 

c.  0  to  200  pounds  per  square  Inch. 
di  0  to  200  ounces  per  square  Inch. 

2.  A  four  engine  aircraft  would  hava 

a.  one  Indicator  and  four  transmitters. 

b.  one  transmitter  and  four  indicators. 

c.  two  Indicators  and  four  transmitters. 

d.  four  indicators  and  four  transmitters. 
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Section  B.    SYMCHRO  .PRESSURE 


Prame  1 

Machines  that  have  moving  parts  require  some  type  of  lubrication* 
Lubrication  Is  necessary  to  reduce  friction  and  heat  created  by  the 
m-vlng  parts  rubbing  together*    If  friction  and  hear  are  not  reduced^ 
excessive  wear  of  moving  parts  will  cauae  premature  failure  of  the 
machine*    Lubrication  plays  a  very  Important  role  in  the  life  and 
durability  of  all  types  of  engines*    For  example^  the  lubricating 
system  in  an  automobile  engine  takes  oil  from  the  oil  pan  (sump) ^ 
filters  it  and  forces  it  under  pressure  to  the  bearings  and  all  moving 
parts*    The  oil  drains  back  into  the  oil  pan  and  the  cycle  is  repeated 
again  and  again*    Thus»  cleaned  and  cooled  oil  is  continually  supplied 
to  the  moving  parts  to  reduce  friction  and  heat*    It  is  Important  that 
a  means  of  monitoring  the  pressure  be  available*    Any  extreme  variation 
in  pressure  can  cause  damage  to  the  engine*    Therefore^  we  must  have  a 
dependable  and  accurate  pressure  indicating  system* 

It  is  also  Important  to  have  a  means  of  monitoring  hydraulic  oil 
pressure*    Since  most  all  modem  aircraft  utilize  hydraulic  pressure 
to  move  control  surfaces^  raise  and  lower  landing  gear^  and  perform  a 
variety  of  other  motion*"related  functions «  the  malfunction  of  a 
hydraulic  pressure  system  can  lead  to  the  loss  of  an  aircraft  and 
possibly  the  death  or  Injury  of  crew  members* 

This  programmed  text  uses  an  engine  oil  pressure  indicating 
system  as  a  representation  of  a  synchro  pressure  system*    By  changing 
the  scale  value  on  the  indicator  to  0-400»  1000  pal  and  replacing  the 
Bourdon  tube  (sensing  device)  to  one  constructed  of  a  heavier  material^ 
the  same  basic  system  covered  in  this  programmed  text  can  be  used  for 
hydraulic  pressure  indications* 

NO  RESPONSE  REQUIRED 
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Frame  2 


Since  aircraft  engines  are  lubricated  by  oil  under  high  pressure^ 
they  require  an  accurate  oil  pressure  Indicating  system* 

Some  aircraft  engine  oil  pressure  Indicating  systems  are 
synchronous  systems*    They  consist  of  a  pressure  transmitter  on  each 
engine  and  an  Indicator  on  the  pilot *s  Instrument  panel  for  each 
engine*    See  figure  8«    The  Indicator  Is  calibrated  In  pounds  per 
square  Inch*    The  transmitter  Is  electrically  connected  to  the 
Indicator* 


Refer  to  figure  8  to  answer  the  following  questions*  Circle  the 
letter  for  the  correct  response  to  the  following  statement(s) * 

1.     The  dial  of  the  oil  pressure  indicator  Is  graduated  from 

a*  0  to  200  pounds  per  square  foot* 

b*  0  to  200  ounces  per  square  foot* 

c*  0  to  200  pounds  per  square  inch* 

d«  0  to  200  ounces  per  square  Inch* 

2*     A  four  engine  aircraft  would  have 

a*  one  Indicator  and  four  transmitters* 

b*  one  transmitter  and  four  indicators* 

c*  two  Indicators  and  four  transmitters* 

d*  four  Indicators  and  four  transmitters* 


Transmitter 


Indicator 


Figure  8« 
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Frame  3 


The  oil  pressure  transmitter  and  Indicator  are  connected  to  each 
other  by  electrical  wiring*    See  figure  9.    The  26VAC»  400-Hertz 
single-phase  power  Is  taken  from  the  aircraft  electrical  system  and 
Is  connected  to  the  rotors  of  the  transmitter  and  Indicator, 


Figure  9. 

Refer  to  figure  9  to  answer  the  following  question.  Circle  the  letter  of 
the  correct  response  to  the  following  statement* 

1.      The  26VAC  400-Hertz  power  is  connected  to 

a,  one  rotor  and  one  stator. 

b*  both  rotors  and  both  stators, 

c.  both  rotors. 

d,  both  Suatorsi 

Answers  to  Frame  2;    1.  c     2*  d 


The  oil  pressure  ttmsmltter  is  a  hermetically  sealed  unit  that 
converts  oil  pressure  into  an  electrical  signal.    It  is  mounted  on  or 
near  the  engine,  and  engine  oil  pressure  is  applied  to  an  opening  in 
one  end  of  the  case.    See  figure  10  for  an  illustration  of  the  trans- 
mitter with  the  case  removed.    Tvo  Bourdon  tubes>  two  links,  an  arbor 
(rotating  shaft)  and  tvo  gears  make  up  the  mechanical  assembly  that 
measures  oil  pressure,    Notice  the  hairspring  that  is  attached  to  the 
generator  rotor  shaft*    This  spring  takes  up  gear  backlash  (play  due 
to  clearance  between  gear  teeth). 


Figure  10, 

Refer  to  figure  10  to  answer  the  following  question.  Circle  the 
letter  of  the  correct  response  to  the  following  statement. 

1.     The  hairspring  is  used  to 

a.  help  turn  the  gears. 

b.  help  turn  the  rotor, 

c.  prevent  backlash  of  the  gears. 

d.  keep        generator  rotor  trom  spinning. 

Answers  *  *      /^^^.^  ^     1.  c 
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Frame  5 


The  two  Bourdon  tubes  in  the  transmitter  are  the  pressure  Bourdon 
tube  and  the  vent  Bourdon  tube*    First  we  xd.ll  take  up  the  pressure 
Bourdon  tube.    The  pressure  Bourdon  tube  Is  a  £lat»  **C"  shaped  metal 
tube  that  Is  closed  on  one  end.    When  pressure  Is  applied  to  the 
Inside  of  the  tube,  it  expands  to  a  greater  diameter.    See  figure  llA* 
When  the  pressure  Is  released,  the  surrounding  pressure  forces  it  back 
to  Its  original  diameter.    The  amount  of  movement  at  the  closed  end  of 
the  tube  depends  on  the  difference  of  pressures  inside  the  tube  as 
opposed  by  the  pressure  (differential)  outside  the  tube. 


Oil  PRESSURE 


Figure  llA*  Figure  IIB* 

Refer  to  figure  IIB  to  answer  the  following  questions.  Circle 
the  letter  for  the  correct  response  to  the  following  statements. 

1.  A3  oil  pressure  on  the  Bourdon  tube  Increases,  the  tube  will 

a.  remain  In  position  '^A"* 

b.  move  from  position  *'A'*  to  "B" 

c.  remain  in  position  "B'\ 

d.  move  from  position  '*B**  to  "A". 

2.  The  differential  pressure  that  moves  the  Bourdon  tube  is 

a*  14.7  psl. 

b.  66,0  psi* 

c.  80.7  psl. 

d.  95.4  psl. 


Answer  to  Frame  4;     1.  c 
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the  vented  Bourdon  tube  is  a  flat  "C*'  shaped  metal  tube  that  Is 
closed  on  one  end*    This  tube  is  vented  to  atmospheric  pressure*  The 
reason  for  this  is  that  it  compensates  for  atmospheric  pressure 
changes*    As  the  airplane  goes  hi^er»  the  pressure  inside  the  tube 
decreases  causing  the  tube  to  contracts    As  the  airplane  descends^ 
the  pressure  becomes  higher  and  the  tube  expands*    See  figure  12, 


Figure  12* 


Refer  to  figure  12  to  answer  the  following  question*  Circle 
the  letter  of  the  correct  response  to  the  following  statements 

1*     The  vented  Bourdon  tube 

a*  expands  as  the  aircraft  climbs* 

b*  compensates  for  varying  oil  pressure* 

c*  compensates  for  varying  atmospheric  pressure* 

d,  compensates  for  varying  atmospheric  temperature* 

Answers  to  Frame  5:      1.  b    2*  b 
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Frame  7 


The  closed  end  of  the  oil  pressure  Bourdon  tube  and  the  vented 
Bourdon  Cube  are  mechanically  linked*    As  the  airplane  gains 
altitude^  the  atmospheric  pressure  decreases  causing  the  vented 
Bourdon  cube  to  contract*    As  this  tube  contracts »  it  applies  a 
force  to  the  oil  pressure  Bourdon  tube  forcing  It  to  expand.  The 
movement  of  both  tubes  maintains  $  desired  differencial  pressure 
so  regardless  of  the  altitude^  the  oil  pressure  Indicator  reading 
will  REMAIN  constant*    The  vented  Bourdon  tube  makes  this  possible* 


OIL 
PRESSURE 


ATMOSPHERIC 
PRESSURE 


PRESSURE 
BOUnOON 
TUBE 


VENTED  - 
eOUROON 
TUBE 


Figure  13* 

Refer  to  figure  13  to  answer  the  following  questlon(s) .  Circle 
the  letter  of  the  correct  response  to  the  following  stacement(s) 

1.  Pressure  inside  the  vented  Bourdon  cube  is  " 

a.  oil  pressure* 

b.  gage  pressure. 

c.  differential  pressure* 

d.  atmospheric  pres^sure^ 

2.  The  purpose  of  the  vented  Bourdon  tube  Is  to 

a.  correct  for  mechanical  wear. 

b*  correct  for  oil  pressure  surges. 

c.  correct  for  varying  atmospheric  pressiure. 

d.  compensate  for  thermal  expansion  of  the  oil. 


Answer  Co  Frame  6:      1.  c 
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Frame  8 


The  closed  end  of  the  oil  pressure  Bourdon  tube  Is  connected 
to  the  arbor  shaft  assembly,  sector  gear,  and  pinion  gear.  Notice 
the  pinion  gear  is  mounted  on  the  generator  rotor  shaft  and  is 
mechanically  meshed  with  the  sector  gear.    See  figure  14.    When  oil 
pressure  increases,  the  pressure  tube  expands  cauaing  the  arbor 
shaft  to  rotate*    This  will  rotate  the  sector  gear,  pinion  gear 
and  the  synchro  generator  shaft.    The  synchro  generator  shaft  does 
NOT  spin  BUT  it  displaces  the  rotor  Just  a  few  degrees.  This 
displacement  of  the  rotor  produces  an  electrical  signal  in  the 
indicator . 


Figure  14* 

Refer  to  figure  14  to  answer  the  following  questions.  Circle 
the  letter  of  the  correct  response  to  the  following  statements. 

1,  The  sector  and  pinion  gears  are  turned  by  the 

a.  rotor  of  the  generator. 

b.  arbor  shaft  assembly* 

c.  vented  Bourdon  tube, 
d*  synchro  generator. 

2.  The  pinion  gear  of  the  autosyn  transmitter  Is 

a*  mounted  on  the  sector  gear, 
b.  mounted  on  the  rotor  shaft, 
c*      turned  by  the  generator  stator. 


d.      turned  by  the  sector  gear. 
Answers  to  Frame  7:     I*  d     2.  c 
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Frame  9 

The  synchro  generator  looks  like  any  other  sinall  electric  motor  or 
generator.    It  consists  of  a  **wye"  wound  stator  assembly  and  a  rotor. 
The  rotor  is  a  soft  iron  core  with  a  coil  of  wire  wound  around  it.  The 
26VAC,  400-Hert2  single-phase  power  enters  the  rotor  through  a  set  of 
brushes  and  slip  rings.    See  figure  15  for  an  illustration  of  the  rotor 
and  stator  windings. 


Figure  15* 

Refer  to  figure  15  to  answer  the  following  questionCs) .  Circle 

the  letter(s)  for  the  correct  response  to  the  following  statement(s)# 

1.  The  26VAC,  400-Hertz  single-phase  power 

a.  is  connected  *;o  the  stator. 

b.  la  collected  to  the  rotor* 

c,  turns  the  rotor. 

d,  turns  the  stator. 

2.  The  stator  Is 

a.      delta  wound, 
b*     series  wound^^ 
c.      *'wye'*  wound* 

Answers  to  Frame  8;      1.  b       2.  b»  d. 


* 

Frame  10 


Host  electromachanlcal  systems  include  an  adjustment  device.  Wear 
of  mechanical  parts  and  metal  fatigue  (weakening  of  metal  due  to  banding 
or  flexing)  of  the  Bourdon  tubes  causes  slight  errors  that  must  be 
reduced.    By  adjusting  the  transmitter  zero  adjuster  screw,  the  synchro 
stator  assembly  Is  rotated  slightly  and  an  accurate  voltage  signal  Is 
then  sent  to  the  Indicator,    This  adjustment  Is  accomplished  with 
electrical  power  on  and  no  oil  pressure  applied  to  the  transmitter^*^ 
that  Is  why  It  Is  called  the  zero  adjustment.    As  the  zero  adjustment 
Is  turned,  the  synchro  stator  turns,  while  the  position  of  the  rotor 
remains  fixed.    See  figure  16*    The  zero  adjustment  screw  extends 
outside  the  transmitter  case* 


— .  ZERO 
ADJUSTMENT 


ROTOR 
SHAFT 


-  STATOR 
ASSEMBLY 


Figure  16* 

Circle  the  letter(s)  of  the  correct  response(s)  to  the  following 
statement(s) « 

1,  An  example  of  metal  fatigue  is  a 

a,  worn  gear* 

b.  Bourdon  tube  with  a  worn  shaft, 

c.  Bourdon  tube  ^d.th  a  hole  through  Its  wall* 

d,  a  spring  that  has  been  stretched  too  far, 

2.  The  adjustment  screw  turns  the 


a,  synchro  rotor* 

b,  synchro  stacor, 

c,  arbor  assembly, 

d,  transmitter. 

Answers  to  Frame  9t     1,  b 


2.  c 
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Frame  U. 


To  understand  the  principles  of  operation  of  a  synchro  transmitter^ 
It  Is  first  necessary  to  understand  certain  transfontter  principles.  A 
transformer  consists  of  a  primary  and  a  secondary  coll  wound  on  a  soft 
iron  core.    It  Is  used  to  either  Increase  or  decrease  voltage^  as 
Illustrated  In  figure  17.    Alternating  current  flowing  through  the 
primary  always  induces  alternating  current  In  the  secondary.    The  ratio 
of  turns  of  the  two  colls  determines  whether  It  Is  a  step-up  or  step- 
down  transformer. 


SECONDARY 

26  V 
AC 


PRIMARY 

13V 

AC 


SECONDARY 


13V 
AC 


(PRIMARY 

26V 
AC 


Figure  17* 

Refer  to  figure  17  and  circle  the  letter(s)  of  the  correct  response(s) 
for  the  following  statement(s) * 


1.  Current  In  a  transformer  secondary  circuit  is 

a.  direct  current* 

b.  alternating  current. 

c.  pulsating  direct  current* 

d.  higher  than  current  In  the  primary^ 

2.  The  voltage  increase  or  decrease  of  a  transformer  Is  determined 
by  the 

a.  Soft  Iron  core* 

b.  ratio  of  turns  In  the  colls. 

c.  Insulation  between  the  colls. 

d.  output  of  the  secondary  colls  as  compared  to  primary  coils* 


Answers  to  Frame  10:      1.  d     2*  b 
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Frame  12 

A  variable  transformer  may  also  be  used  to  increase  or  decrease  AC 
voltage*    Voltage  that  Is  induced  into  the  secondary  may  be  varied  by 
changing  thy  position  of  one  coll  in  relation  to  another*    Refer  to 
figure  18*    Notice  that  when  both  colls  are  parallel^  maximum  voltage  is 
induced  into  the  secondary*    Secondary  voltage  gradually  decreases  as 
the  primary  (rotor)  moves  away  from  parallel*    Minimum  induction  occurs 
when  the  rotor  coil  is  at  ninety  degrees  in  relation  to  the  secondary 
coil* 


Figure  18* 
NO  RESPONSE  REQUIRED 
Answers  to  Frame  11:     1*  b»  d     2*  b 
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Frame  } 3 


The  synchronous  generator  used  In  the  oil  pressure  transmitter  Is  a 
variable  transformer.    The  prlniary  (rotor)  Is  a  single  coll  of  fine  wire 
wound  on  a  soft  Iron  core  and  energized  by  26VAG^  400*-Hertz  single-phase* 
The  three  colls  are  "wye**  woirnd  to  form  tha  stator  assembly.  See 
figure  19*    As  the  Bourdon  tube  expands  or  contracts*  rotor  position 
changes  and  Induced  voltage  varies  In  each  of  the  three  stator  (secondary) 
colls.    The  relative  position  of  the  rotor  and  stator  coll;i  In  flwre  19 
Indicates  that  maximum  voltage  Is  being  Induced  Irito  coll  1  since  It  Is 
parallel  to  the  rotor.    Coll  2  has  the  same  Induced  voltage  as  coll  3> 
but  the  Induced  voltage  In  each  of  these  colls  is  less  than  coll  1. 


Figure  19* 


Refer  to  figure  19  to  answer  the  following  questlon(s) .  Circle  the 
letter  of  the  correct  response  to  the  following  statements^ 

1.  The  transmitter  stator  is 

a.  moved  by  the  Bourdon  tube. 

b.  energized  directly  by  26VAC. 

c.  the  primary  and  is  stationary. 

d.  the  secondary  and  is  stationary. 

2.  Maximum  voltage  is  induced  into  coll  3  when 

a.  the  rotor  is  parallel  to  coll  1. 

b.  the  rotor  is  parallel  to  coll  3. 

c.  the  three  stator  colls  are  parrillel  to  each  other. 

d.  coll  1  and  thn  rotor  are  ac  00^  in  relation  to  each  other. 


U3 

Frame  14 


The  oil  pressure  indicator  contains  a  synchronous  motor  consisting  of 
a  **vye"  wound  stator  and  a  rotor  asseinbly.    Current  is  fad  to  the  indicator 
through  an  electrical  connector  and  the  rotor  is  energized  through  brushes 
and/or  slip  rings*    Thy  only  moving  part  is  the  rotor  which  is  attached 
directly  to  the  pointer.    There  are  no  gears,  hairsprings  or  mechanical 
stops*    The  rotor  is  free  to  turn  through  360**.    When  electrical  power  is 
interrupted,  the  pointer  will  remain  at  its  last  position*    The  indicator 
is  hermetically  sealed  and  has  no  external  adjustment* 


Figure  20* 


Refer  to  figure  20  to  answer  the  following  questions.  Circle  the  letter 
of  *the  correct  response  for  the  following  statements* 

1.      The  indicator  rotor  turns  the  pointer  by 

a*  being  attached  directly  to  it* 

b*  a  set  of  gears. 

c*  a  set  of  gears  and  a  hairspring* 

d*  a  set  of  hairsprings  and  a  calibrating  spring* 

2*      The  rotor  of  the  indicator  is  energized  through 

a*     permanent  connections* 

b*     slip  rings  and/or  brushes* 

c^  hairsprings* 

d,     hairsprings  and  a  calibrating  spring* 
Answers  to  Frame  13:      1.  d       2*  b 
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Frame  15 


The  indicator  rotor  is  a  coil  of  fine  wire  wound  on  a  soft  iron  core 
and  energized  by  26VAC,  400-Hz  single-phase  power*    The  indicator  synchronous 
motor  is  not  a  variable  transformer »  the  stator  coils  are  energized  by 
voltage  from  the  transmitter  stator*    Current  in  the  indicator  stator  coils 
produces  an  electromagnetic  field  which  will  attract  the  electromagnetic 
field  of  the  rotor*    The  rotor  will  align  itself  parallel  to  the  stator 
coil  having  the  highest  current  flow  (the  strongest  magnetic  field)*  The 
indicator  operates  on  the  principle  of  attraction  of  electromagnetic  fields* 
See  figure  21« 


Figure  21* 

Refer  to  figure  21  to  answer  the  following  questions.  Circle  the  letter(s) 
of  the  correct  response  to  the  following  statements. 

1.  The  indicator  rotor 

a.  is  energized  by  26VAC. 

b*  has  three  windings* 

c.  is  moved  by  electromagnetic  attraction* 

d*  Is  the  primary  and  is  stationary* 

2.  The  indicator  stator 

a.  is  an  electromagnet* 

b*  is  geared  to  the  pointer* 

c*  movement  is  restricted  by  a  hairspring. 

d*  is  energized  by  voltage  from  the  transmitter  stators. 

Answers  to  Frame  14:      1.    a     2*  b 
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Answers  to  Fratne  13:     !«  a»  c     2*  d 

Return  to  the  beginning  of  the  progratomed  text  and  review  the 
objectives*    When  you  are  satisfied  that  you  know  and  understand 
the  loaterlal  you  will  take  an  appraisal*    After  passing  the  appraisal 
you  will  proceed  to  the  lab  to  perform  on  an  actual  synchro  pressure 
system* 

APPRAISAL 
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Section  C*    VARIABLE  RELUCTANCE 

Frame  1 


Ths  variable  reluctance  pressure  system  is  used  on  several  Air 
Force  aircraft*    This  system  is  used  to  measure  engine  oil  pressure 
in  pounds  per  square  inch*    The  variable  reluctance  pressure  system 
operating  principle  differs  from  that  of  the  synchro  pressure  system* 
In  the  following  frames  we  will  discuss  the  system  components  and 
operating  principles*    See  figures  22  and  23  for  cutaway  vie^rs  of 
the  indicator  and  transmitter* 


Circle  the  letter  of  the  correct 

1*     The  purpose  of  the  variable 
measure  engine  oil  pressure 


response  to  the  following  statement* 

reluctance  pressure  system  is  to 
in 


a*  inch  poitnds* 

b*  foot  pounds* 

C4  pounds  per  square  inch* 

di  pounds  per  square  foot* 
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Frame  2 


The  variable  reluctance  pressure  Indicator  Is  essentially  a 
dynamoineter  type,  moving  coll»  AC  voltmeter  that  indicates  engine  oil 
pressure,  in  poundf/  per  square  inch»    Figure  24  shows  a  cutaway  view  of 
the  indicator*    The  dynamometer  type  meter  movement  is  very  similar  to 
the  0*Arsonval  meter  movement  that  you  hav<^    tudied  earlier*    The  main 
difference  is  the  permanent  magnet  used  In  i^he  D^Arsonval  meter  movement 
is  replaced  by  fixed  coils »  that  serve  as  electromagnets*    These  electro- 
magnets will  change  polarity  every  half  cycle*    By  replacing  the 
penianent  magnets  with  electromagnets »  the  meter  movement  will  measure 
AC  voltage  VTlthout  requlriixg  a  rectifier  circuits    The  moving  coil  is 
wound  so  that  its  magnetic  polarity  Is  the  same  polarity  as  the  fixed 
coils  for  the  same  half  cycle  of  AC* 


Circle  the  letter  of  the  ccrrect  response  Lo  the  following  statement* 


1*     The  variable  reluctance  pressure  indicator  can  measure  AC  voltage 

a*     with  the  aid  of  a  rectifier* 

b>     without  the  aid  of  a  rectifier* 

c*     with  the  aid  of  a  rectifier  and  electromagnets » 

2.     The  purpose  of  the  fixed  coils  is  to  ^ 

a>     serve  as  electromagnets* 

b*     change  polarity  every  full  cycl^.* 

€•     diiinge  polarity  every  TWO  cycles* 
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Frame  2  (Cont*rfj 

3.     Magnetic  polarity  between  the  fixed  colls  and  the  moving  coil 

a.  stays  the  same  every  half  cycle. 

b.  changes  In  the  fixed  colls  and  stays  f:he  same  the 
moving  coll  every  haxf  cycle. 

c.  changes  in  the  moving  coll  and  stays  the  same  in  the 
fixed  coils  every  half  cycle. 

Answer  to  Frame  1:    Jl*  c 


653 

33 


Frame  3 

Two  of  the  laws  of  magnetism  state  that  like  poles  repel  each  other 
and  unlike  poles  attract  each  other*    When  the  magnetic  field  of  the  moving 
coil  is  placed  inside  the  magnetic  field  of  the  fixed  coils,  the  fields 
attempt  to  aUgn  themselves.    It  is  the  interaction  of  these  magnetic 
fields  that  cause  thy  meter  pointer  to  be  deflected.    When  no  current  Is 
flowing  through  the  coils,  no  magnetic  field  Is  present  around  the  coils; 
therefore  the  movig  coil  does  not  move  and  the  pointer  stays  at  zero 
due  to  tension  exerted  by  the  hairspring. 

NO  RESPONSE  REQUIRED 
Answers  to  Frame  2:     1.  b  a     3.  a 
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Frame 


The  pointer  of  the  indicator  is  returned  to  zero  by  the  tension  of 
the  hairsprings.    Notice  in  figure  24  that  the  moving  coil  is  mounted 
in  the  center  of  the  fixed  coils.    The  moving  coil  is  free  to  rofate 
within  the  fixed  coils  and  has  the  pointer  of  the  indicator  connected 
to  the  center  shaft*    Whenever  current  flows  through  the  moving  coil^ 
the  coil  rotates  because  of  the  Interaction  of  the  magnetic  fields* 
As  the  moving  coil  rotates^  it  moves  thy  pointer  up*scale<    The  core» 
shown  in  figure  24^  aids  in  containing  the  magnetic  field  of  the  fixed 
coils  and  prevents  external  magnetic  fields  from  causing  errors  In  the 
indicator*    The  thermistors  keep  current  in  the  circuit  stable 
regardless  of  temperature  changes* 

Circle  the  letter  of  the  correct  response  to  the  following  statements* 
1,      The  purpose  of  the  hairspring  is  to 

a»      conduct  current  to  the  moving  coil. 

b.  return  the  pointer  to  zero. 

c,  help  rotate  the  .pointer  to  a  higher  reading* 

2*      The  moving  coil  will  react  and  rotate  when  current  flows  through 
the 

a*  coil* 

b*  hairsprings* 

c*      fixed  coils. 

3«     The  purpose  of  the  core  Is  to  aid  In  containing  the  field  of  the 

a*     rotating  coil* 
b*      fixed  coils* 

c*      rotating  coil  and  fixed  coils* 

4*     The  purpose  of  the  thermistors  is  to  keep 

a*  current  stable  in  the  circuit* 
b^  voltage  stable  in  the  circuit, 
c*     reluctance  stable  in  the  circuits 
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Frame  5 


The  variable  reluctance  pressure  transmitter  consists  basically  of  a 
pressure  sensing  diaphragm^  two  colls»  an  armature^  and  a  compensating 
diaphragm.    These  units  are  used  to  measure  the  differential  pressure 
between  the  oil  pump  output  and  atmospheric  or  internal  engine  pressure. 
These  components  are  housed  in  a  sealed  case  and  cannot  be  replaced.  An 
opening  In  the  top  of  the  transmitter  allows  adjustment  of  the  transmitter 
on  the  bench.    A  cutaway  drawing  oi  a  typical  transmitter  Is  shown  In 
figure  25 • 


Figure  25* 


Circle  the  letter. of  the  correct  respon3e  to  the  following  statement. 
1.      The  transmitter  contains  the  sensing  elements  that  measure 

a.  absolute  engine  pressure. 

b.  absolute  atmospheric  pressure. 

c.  difference  In  pressure  between  the  oil  pump  output  and 
atmospheric  pressure. 

Answers  to  Frame  4:      1.  b     2.  a     3.  b     4.  a 
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Frame  6 


The  vent  connection  shown  on  top  of  the  transmitter  in  figure  25 
is  usually  connected  to  atmospheric  or  engine  internal  pressure.  This 
pressure  is  applied  directly  to  the  compensating  diaphragm.  This 
diaphragm  senses  any  change  in  atmospheric  or  internal  engine  pressure 
and  rctEcts  on  the  armature.    The  transmitter  measures  the  differcintlal 
pressure  between  the  oil  pump  output  and  the  reference  pressure 
connected  to  the  vent  connection. 

Refer  to  figure  25  to  answer  the  following  questions.  Circle  the  letter(s) 
of  the  correct  response  to  the  following  statements. 

1.  The  purpose  of  the  compensating  diaphragm  is  to  detect  a  change 

a.  in  oil  pressure. 

b.  of  inductance  in  the  coils. 

c.  in  atmospheric  or  Internal  engine  prei^sure. 

2.  The  differential  pressure  between  the  oil  pump  output  and  the 
reference  pressure  is  sensed  by  the 

a*  oil  pressure  gage. 

b.  compensating  diaphragm. 

c.  oil  pressure  diaphragm. 

d.  oil  pressure  transmitter. 

Answer  to  Frame  5:     1.  c 
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Frame  7 

the  transmitter  operates  on  the  principle  of  varying  the  reluctance 
to  the  magnetic  lines  of  flux  surrounding  the  coils  within  the  trans- 
ndtter*    From  your  study  of  coils  yon  should  remember  that  the  inductance 
of  a  coil  can  be  changed  by  providing  a  path  of  high  or  low  reluctance  to 
the  magnetic  lines  of  flux  surrounding  the  coil*    One  way  to  accomplish 
this  is  to  insert  a  soft  iron  core  called  an  armature^  into  the  center  of 
the  coil*    This  core  or  armature  provides  an  easier  path  for  the  magnetic 
lines  of  flux  than  an  air  core*    the  amount  of  reluctance  change  depends 
on  the  permeability  of  the  material  and  how  far  the  material  is  inserted 
into  the  coll*    See  figure  22« 

Circle  the  letter  of  the  correct  response  to  the  following  statements* 

1*     the  transmitter  coils  produce  magnetic  lines  of  flux  when 

a*  current  is  flowing  in  the  coils* 

b«  no  current  is  flowing  in  the  coils* 

c*  current  is  flowing  in  the  armature* 

d*  no  current  is  flowing  In  the  armature* 

2.      the  armature  or  core  that  provides  the  path  of  lowest  reluctance  is 

a*  an  air  core« 

b*  a  copper  core* 

c.  a  soft  iron  core* 

d*  an  aluminum  core* 

Answers  to  Frame  6:      1*  c     2*  d 
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Frame  8 

Notice  In  figure  26  that  the  armature  Is  connected  to  the  pressure- 
sensing  diaphragm  at  the  bottom  of  the  transmitter*    When  pressure  is 
sensed  by  the  diaphragm,  the  diaphragm  expands  and  changes  the  armature 
position  within  the  colls.    The  armature  Is  moved  Inside  the  coils*  It 
offers  an  easier  path  for  the  magnetic  lines  of  flux  than  the  path 
offered  by  the  air  gap*    This  path  of  low  reluctance  provided  by  the 
armature  causes  the  Inductive  reactance  (ohms)  of  the  colls  to  vary 
with  the  armature  position* 
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Figure  26. 

Refer  to  figure  26  to  answer  the  following  questions*  Circle  the  letter 
of  the  correct  response  to  the  following  statements. 

1*      As  oil  pressure  Increases »  the  pressure  diaphragm  will  cause  the 

a*  colls  to  move* 

b*  airmature  to  rotate* 

c*  armature  to  move  up, 

d*  armature  to  move  down, 

2*      As  the  armature  moves  down^  the  Inductive  reactance  of 

a*  coll  C  becomes  greater, 

b*  coil  D  becomes  greater* 

c*  coil  D  becomes  less* 

d*  both  colls  stay  the  same. 


Answers  to  Frame  7;     1*  a     2*  c 
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Frame  9 


The  electrical  units  of  the  variable-reluctance  system  are  connected 
to  form  an  AC  bridge  circuit.    See  figure  26*    The  26VAC  power  ia  applied 
through  pin  "B"  of  the  transmitter  and  indicator  electrical  connectors. 
Pins  "A"  of  the  electrical  connectors  serve  as  the  common  ground  for  the 
circuit  while  pins  "C'  serves  as  the  signal  carrying  lead* 

Circle  the  letter  of  the  correct  response  to  the  following  statement* 

1*     Basically  when  electrically  connected^  the  variable-reluctance 
pressure  system  forms 

a*     a  serles^paraXlel  circuit* 

b.      an  AC  bridge  circuit* 

c*      a  variable-resistive  circuit. 

Answers  to  Frame  8:      1*  c       2.  b 
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Frame  iO 


Electrically,  the  fixed  coils  A  and  B  of  the  Indicator  are  connected 
in  series,  see  figure  26*    They  both  have  the  same  inductive  reactance  or 
opposition  to  current  flow*    From  your  studies  of  electrical  circuits, 
you  should  be  able  to  see  that  fixed  coils  A  and  B  will  drop  the  applied 
AC  voltage  equally*    For  example,  the  applied  voltage,  shown  in  figurta  26, 
is  26VAC,    Thus,  fixed  coils  A  and  B  will  have  an  equal  voltage  drop  of 
13  volts. 

Refer  to  figure  26  to  answer  the  following  questions.    Circle  the  letter 
of  the  correct  response  to  the  following  statements, 

1,  Coils  A  and  B  are  connected  in 

a,  series, 

b,  parallel* 

c,  series-parallel, 

2,  Since  both  coils  A  and  B  have  the  same  amount  of  inductive  reactance, 
the  voltage  drop  across  the  coils  will  be 

a»      the  same, 

b,     more  across  coil  **A", 

Ct      more  across  coil  '*B", 

Answer  to  Frame  9;    1,  b 
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Frame  11 

Electrically,  the  variable  colls  C  and  D  of  the  transmitter  ^re 
connected  In  series*    See  figure  27«    Both  of  these  colls  have  the  same 
Inductive  reactance  or  opposition  to  current  flow  as  long  as  the  armature 
is  centered.    The  applied  voltage,  shown  In  figure  27»  is  26VAC,  Since 
the  colls  are  connected  in  series  and  each  one  has  the  same  Inductive 
reactance,  the  voltage  drop  across  each  coll  Is  approximately  13  volts* 
For  ease  of  explanation  ve  will  disregard  the  small  voltage  drop  across 
the  thermistors*    When  the  indicator  Is  connected  to  the  transmitter,  an 
AC  bridge  circuit  Is  formed.    When  the  voltage  drops  across  colls  A,  B,  C, 
and  D  are  equals  the  bridge  circuit  Is  balanced,  and  no  current  will  flow 
through  moving  coil  E*    At  this  tlme^  the  pointer  of  the  Indicator  Is  on 
zero* 


Figure  27. 


Refer  to  figure  27  to  answer  the  following  questions*  Circle  the  letter 
of  the  correct  response  to  the  following  statements, 

1*     With  the  armature  centered  as  shown  in  figure  27^  the  voltage  drop 
p,cross  colls  C  and  D  Is 

a*  13  volts  on  each  coll. 

b*  10  volts  on  coll  C  and  16  volts  on  coll  D. 

c.  16  volts  on  coll  C  and  10  volts  on  coil  D. 

d*  14  volts  on  coll  C  and  12  volts  on  coil  D* 

2*     When  the  indicator  and  transmitter  are  electrically  connected,  they 
form 

a*     a  DC  bridge  circuit* 

b*     a  paral'^el  circuit* 

c*     an  AC  bridge  circuit.  6'^0 

d*     a  series**parallel  circuit. 

Answers  to  Frame  10!      1*  a     2*  a 
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Frame  12 


When  pressure  Is  applied  to  the  pressure  diaphragm  of  the  transmitter^ 
the  artnature  will  move*    See  figure  27*    The  arrows  represent  an  Increase 
in  pressure  and  will  affect  the  direction  that  the  armature  moves.  Since 
the  armature  Is  made  of  a  material  that  has  a  low  reluctance  >  the  movement 
of  the  armature  causes  the  inductive  reactance  of  colls  C  and  D  to  change* 
The  voltage  drops  across  colls  C  and  D  are  no  longer  equal  >  and  the  bridge 
circuit  Is  unbalanced*    Current  will  now  flow  through  moving  coll  E>  causing 
the  pointer  of  the  Indicator  to  move  up-scale. 

Refer  to  figure  27  to  answer  the  following  questions*    Circle  the  letter 
of  the  correct  response  to  the  following  statements* 

1*      As  the  armature  Is  moved  upward^  the  Inductive  reactance  will 

a*  Increase  In  coll  D* 

b*  Increase  in  coll  C* 

c*  stay  the  same  In  both  colls« 

d*  decrease  In  coll  C* 

2*     As  Inductive  reactance  Increases  (figure  27)*  voltage  drop  will 

a*  decrease  across  coll  D* 

b*  decrease  across  coll  C* 

c*  stay  the  same  In  coll  C  and  coll  D* 

d*  Increase  across  coil  D* 

3*      The  voltage  requirement  for  the  oil  pressure  Indicating  system  is 

a*      26-volts  DC* 

b*  26-volts  AC,  400-Hertz»  single-phase 
c*      26-volts  AC,  400-Hertz,  three-phase* 


Answers  to  Frame  11;      1*  a     2*  c 
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Frame  13 

To  show  how  che  system  works^  leC^s  use  a  case;  when  Che  armature  has 
moved  upward  enough  to  cause  the  voltage  drop  across  the  variable  coll  **C" 
to  increase.    Since  the  armature  is  also  having  an  effect  on  coil  '*D*\  the 
voltage  drop  across  coil  "D"  goes  down*    How*  let  us  assign  polarities  to 
che  voltage  drops  across  the  coils  in  the  circuit  for  a  given  half  cycle  or 
applied  AC.    On  the  positive  half  cycle*  the  voltage  drops  across  the  coils 
are  as  follows:    Coll  *'A**  -  13  volts,  coil  '*B*'  -  13  volts,  coil  "C"  -  16 
volts,  and  coil  "D"  -  10  volts • 

See  figure  28;  Under  these  conditions,  current  will  flow  through  the 
moving  coil  "E",    The  reason  being  that  the  top  of  coil  '*B'*  is  at  a  +13  volt 
potential,  while  the  top  of  coil  **D"  is  at  a  -hlO  volt  potential  in  reference 
to  ground.    Since  a  +10  volts  is  l^ss  positive  than  +13  volts,  current  flows 
from  the  +10  volt  potential  to  the  +13  volt  potential  through  the  moving 
coil  "E"  in  the  indicator  causing  the  pointer  to  move  UP-SCALE. 

On  the  negative  half-cycle  of  the  applied  AC  all  the  polarities  of  the 
colls  reverse.    However,  the  voltage  drops  across  the  colls  do  not  change 
unless  the  armature  is  repositioned  as  a  result  of  a  pressure  change.  See 
figure  28 • 


L.f^  THtRMlSTOt 
(TYPICAU  * 

PR ESSUlif  iNOICATOl 


PtESSUKt  TAANS^klTTEt 


PRESSUtE 


Figure  28 • 


Refer  to  figure  28  to  answer  the  following  questions* 
for  the  correct  response  to  the  following  statements. 

1.      In  figure  28,  current  flows  from  the  top  of 


Circle  the  letter 


a* 
b. 
c» 

d. 


coil  **A"  to  top  of  coll  **C'\ 

coll  "B"  to  top  of  coil  "D"i 

coil  *'D"  to  top  of  coil  "B'*, 

coil  *'E'*  to  top  of  coil  *'C"i 


2»      On  the  negative  half-cycle, 

a.      all  polarities  reverse. 

b*      voltage  drops  across  coils  change. 

c.      the  armature  is  repositioned* 


Answers  to  Frame  12:      1.  b      2»  a 
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3.  b 


Answers  to  Frame  13:      1.  c     2.  a 


Return  to  the  beginning  of  this  programmed  text  and  review  the 
objectives.    When  you  are  satisfied  that  you  know  and  understand  the 
material  you  will  take  an  appraisal.    After  passing  the  appraisal  yoi 
will  proceed  to  the  LAB  to  perform  on  an  actual  variable  reluctance 
pressure  system. 

AFPRAISAL 
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INSPCCTIOM,  OPERATIONAL  CHECK,  TROOBLESHOOTIMG  AND 
BENCH  CHECK  OF  THE  PRESSURE  IMDICATING  SYSTEMS 


SPECIAL  IMSTRUCTIOMS 

WB  203/303  Is  written  in  three  sections.    Section  A  provides  an  outline 
for  performing  the  Inspection,  Operational  Check  and  Bench  Ctieck  of  the  Direct 
Reading  Pressure  System-    Section  B  provides  an  outline  for  performing  the 
Inspection,  Operational  Check,  Troubleshooting  and  Bench  Check  of  the  Synchro 
Pressure  Indicating  System.    Section  C  provides  an  outline  for  performing  the 
Inspection,  Operational  Check  and  Troubleshooting  of  the  Variable  Reluctance 
Indicating  System. 

OBJECTIVES 

Given  a  workbook,  tools,  test  equipment,  and  trainers,  perform  an 
inspection  and  operational  check  of  pressure  indicating  systems  wltli  an 
accuracy  of  100%  correct  workbook  responses. 

Given  a  workbook,  test  equipment,  and  trainers,  troubleshoot  pressure 
indicating  systems  with  an  accuracy  of  100%  correct  workbook  responses. 

Given  a  workbook,  test  equipment,  and  trainers,  bench  check  components 
of  pressure  indicating  systems  with  an  accuracy  of  100%  correct  workbook 
responses . 

SECTION  A  DIRECT  PRESSURE 


Remove  ALL  JEWELRY  before  starting  to  work.    Observe  ALL  safety 
precautions.    Follow  the  instructions  in  the  workbook  and  technical  order 
extracts.    Place  a  checkmark  (/)  in  the  appropriate  blank.    The  TO  EXTRACTS 
are  attached  to  the  back  of  this  workbook. 

Supersedes  3ABR32531-WB-207,  21  August  1974;  3ABR32531-WB-208^ 
3ABR32632B-WB-306,  U  August  1974,  which  may  be  used  until  existing 
stocks  are  exhausted. 
OPR;  3360TTG 
DISTRIBUTION:  X 


EQUIPMEMT 


Basis  of  Issue 


3ABR32531-WB-203,  3ABR32632B-WB-303 

Direct  Reading  Pressure  Gage  (Meter  Cabinet) 

Dead  Weight  Tester  P/M  #10-10525 

TO  33A6-4-7-1  EXTRACT 

Wrenches  (1'*  x  3/4'*) 


1/ student 
1/ student 
1/student 
1/student 
2/student 


PROCEDURE 
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PART  I  INSPECTION  - 

Using  the  chart  below,  place  a  checlcmark  C^)  in  the  appropriate  bo:c 
according  to  your  findings. 


INSPECT  GAGE  FORi 


S 

U 

1«     Clean  cover  glass  X* 
2«     Broken  or  cracked  cover  glass  2« 
Ranse  marklnsa  for: 

3«     Intact  3« 
Specific  lijitits 

4*     Red  Radial  -  35  PSI  MXN.  OPERATION  4* 

; 

5.  Green  Arc  *  40  *  70  PSI  NORMAL  OPERATION  5* 

6.  Red  Radial  *  80  PSI  MAX*  OPERATION  6* 
7«     Discoloration  (faded)  Dial  7« 
8«     Index  (slippage)  mark  for  alignment  8« 
9«     Vent  hole  open  and  free  of  any  obstruction  9« 

! 

E 

1 
I 

 1 

VISUAL  INSPECTION  CHART 


Note:  If  you  check  any  item  in  the  unsatisfactory  column,  state  what 
should  be  done  to  correct  this  condition* 


PART  II  OPERATIONAL  CHECK 

Where  applicable,  make  a  checkmark  (/)  in  the  column  under  S  or  U  in 
accordance  with  your  findings, 

1*     Perform  an  operational  check  of  the  Oil  Pressure  Indicating  System 
using  the  Dead  Weight  Test  PN  10-10525,  Direct  Pressure  Gage  and  read  the 
information  contained  in  TO  EXTRACT  33A6-4-7-1  that  has  been  outlined  with 
a  heavy  black  line* 


2*     Remove  large  plug  from  tester  and  plastic  cap  from  preddure  gage 
and  connect  the  pressure  gage  finger  tight  to  the  deadweight  tester* 

Note:  Do  not  twist  the  pressure  gage  onto  the  deadweight  tester*  Turn 
the  coupling  nut  onto  the  pressure  gage* 

3.  Position  the  gage  30  that  it  is  level  and  you  can  read  the  dial* 

4.  Using  the  two  large  wrenches:    Hold  the  pressure  gage  with  one 
wrench  anH  tighten  the  nut  with  the  other  wrench. 

5.  Apply  enough  weight  to  the  platform  of  the  deadweight  tester  to 
equal  an  SO  psl  reading  -  weights  to  equal  75  pounds  plus  the  5  pounds  of 
the  low  pressure  piston  being  used* 

6*     Relief  valve  on  the  tester  should  be  closed.    Plug  should  be 
loosened  (NOT  ^  TIffi        OUT)  . 

Caution:    Never  apply  any  more  pressure  than  is  required  to  support 
the  weight  on  the  piston  platform* 

7.     Using  the  handle  on  the  tester*  pump  up  tester  and  slowly  rotate 
the  weight  on  the  platform,  raise  it  1/2  inch,  then  observe  the  gage  reading. 

8«     Pointer  on  gage  should  have  moved  upscale  without  showing  effects 
of  binding  as  the  pump  handle  was  operated* 

9*     Gage  should  read  80  (t  3  psl).    Indlcatlfin  is  satisfactory  , 

unsatisfactory  * 

10.  Relieve  the  pressure  on  the  tester  and  gage  by  slowly  opening  the 
relifef  valve. 

11.  Pointer  on  gage  should  ratum  to  zero  (0  ±  3)  psl*  Indication 
is  satisfactory  ,  unsatisfactory  * 

* 

Caution;    Make  sure  that  pressure  has  been  relieved  before  removing 
weights  from  piston  platform. 

Note;    If  3ABR32632B  student:    Remove  weights,  disconnect  pressure 
gage  from  tester  and  return  wrenches  and  pressure  gage  to  meter 
cabinet*    Clean  UP  Deadweight  Tester. 

12.  Leave  gage  and  piston  on  tester,  but  return  weights  to  the  box. 


^ 
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PART  III 


BENCH  CHECK 


Using  the  deadweight  tester  apply  weights  to  obtain  the  various 
readings  on  the  gage  plus  or  minus  tolerances.    For  "friction  error"  the 
*'be£ore  tap"  reading  can  vary  by  a  plus  or  minus  (±)  2  psl  from  the  "after 
tap"  reading  on  all  checks*    The  "after  tap"  reading  is  where  the  gage  Is 
read  for  "scale  error"  and  should  agree  with  the  test  weight  applied  plus 
or  minus  the  tolerance  shown  in  the  Scale,  Error  Column  shown  below. 


FRICTION  AND  SCALE  mOR  CMRT 

TEST 

Friction  Error 

Scale  Error 

WEIGHTS 

BEFORE  TAP 

AFTER  TAP 

S 

U 

S 

U 

0  PSI 

0     +3  PSI 

50  PSI 

50+3  PSI 

100  PSI 

100  .+  5  PSI 

150  PSI 

150  +  5  PSI 

200  PSI 

200  +  5  PSI 

Note:    This  type  of  gage  can  be  checked  at  Its  maximum  pressure 
reading  without  any  harmful  effect  to  the  gage. 

1.     If  an  ERROR  was  found  In  the  gage^  take  another  look  at  the 
figures  In  the  rrlctlon  and  Scale  Error  chart  and  the  troubleshooting 
chart  (pages  6  and  7)*    List  the  trouble  and  all  the  possibilities  that 
could  cause  the  particular  trouble  In  the  spaces  below* 

Trouble  found: 

1* 

2, 

Possible  cause(s)  of  trouble: 
1, 
2, 
3. 


SCALE  emiR  TEST 

i 

OETERMNE  THE  TYflt  Of  tmOR 

1 

RANQE  ERROR  ANO.^R  CURVE  ERROR 


RANGE  y  HCff  OtWm  WNTIR  TRAVEL 
EMO«  ^  •   


TOO  MUCH  POmTNi  TRAVEL 

r 


CURVE 
QtROK 
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FRlCTim  AmVOR  POSITION  ERROR 


KfORE  TA^rrHG  OAOE 

100 


V  njicnoH 

EfWOR 


AFTER  TAfhNO 

loo 


JNSTAaiATlON  POSITION 


KCTION 


SAME  (UMC  ROTATCp  SU«HTLY 
(NOTE)  POINTER  COULOilMVI  «  EITHEII  OIRECTKM) 


Types  of  Eri^ora 
6 
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DIRECT  READING  PRESSURE  GAGE  TROUBLESHOOTING  CHART 


TROUBLE 


PROBABLE  CAUSE 


REMEDY 


Gage  does  not 
register. 


Fractured  Bourdon  tube. 

Broken  Link* 

Pointer  loose  on  staff. 

badly  damaged  or  corroded 

movement. 


Replace  socket  assy, 
^place  socket  assy* 
^Reset  pointer. 
Replace  taovement. 


Foreign  matter  in  Bourbon  Replace  socket  assy* 
tube. 

*Reset  pointer. 


Pointer  fails  to 
return  to  zero 
position . 


tube. 

Bourdon  tube  stretched 


Does  not  register 
properly* 


Faulty  mechanical 
adj  us  tzaent* 

Worn  teeth  (sector  and 
pinion)  in  movement. 
Leaking  Bourdon  tube. 


Readjust  (calibrate). 
Replace  movement . 
Replace  socket  assy* 


Gage  fails  to 
register  full  dial 
reading. 


Range  error. 
Excessive  friction* 
Dirt  in  movement. 


Adjust  movement* 
Replace  movement. 
Clean. 


Gage  sticking. 


Badly  worn  or  bent  movement.    Replace  movement. 


Scale  or  foreign  matter 
in  Bourdon  tube. 
Dirt  in  movement. 
Corroded  movement. 
Pointer  bent.    Rubs  on 
dial^  dial  screws  or 
glass. 


Replace  socket  assy« 
Clean. 

Clean  or  replace* 
*Straighten  pointer. 


The  entire  mechanism  (collectively)  is  referred  to  as  the  socket 
assembly. 


*This  is  the  only  type  of  maintenance  that  can  be  performed  on  this 
particular  type  gage  by  an  activity  below  Depot  level  maintenance* 
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2*  RdiQove  the  Wdlghts  from  the  taster  and  place  them  back  in  the 
proper  rack* 

3*  Disconnect  tha  tester  from  the  pressure  gage* 

4*  Install  plug  to  deadweight  tester  and  plastic  cap  to  pressure 

gage* 

5.  Clean  ALL  hydraulic  fluid  from  the  tester  and  bench  top* 

6*  Return  the  wrenches  and  pressure  gage  to  the  toeter  cabinet* 

7*  Turn  IN  workbook  to  instructor. 

8*  Sign-  your  last  name  on  the  cover  of  the  workbook* 
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SECTION  B  SYNCHRO  PRESSURE 

EQUIPMENT 

H33!lS  of  XSSU6 

3ABR32531-WB-203*  3ABR32632B-WB-303  l/student 

Engine  Instrument  Trainer  #2951  l/student 

Deadweight  Tester  P/M  #10-10525  l/student 

Test  Set  Field  Synchro  #131819-2A  l/student 

Multimeter  l/student 

TO  5L6-2*4-3  EXTRACT  l/3tudent 

TO  5P5-3-1-73  EXTRACT  1/atudent 

TO  33D2-6-105-1  EXTRACT  l/student 

TO  33A6-4-7-1  EXTRACT  1/atudent 

Wrenches  (1"  x  3/4")  2/atudent 

PROCEDURE 

Remove  ALL  JEWELRY  before  starting  to  work*    Observe  ALL  safety 
precautions*    Vollow  the  instructions  in  the  workbook  and  Technical  Order 
EXTRACTS*    Place  a  checkmark  (>0  in  the  appropriate  blank*    The  TO  EXTRACTS 
are  attached  to  the  back  of  this  workbook* 

PART  I  INSPECTION 

1.  Visually  inspect  t^e  oil  pressure  indicator  £or: 

Satisfactory    '  Unsatisfactory 

a.    Cracked  or  broken  glass.     

b*    Dented  or  cracked  case.     

c.  Fluorescent  markings  on  dial*     

d.  Bent  or  broken  dial  pointer,     

e.  Damaged  electrical  connector.     

f *    Security  of  mounting  of  indicator.     

2.  Visually  inspect  the  electrical  wiring  for: 

a.    Frayed  or  broken  wires.     


b.    Damaged  or  broken  electrical 
connector  plug« 

c«    Frayed  or  broken  insulation. 

d.    Security  of  mounting  of  wires. 
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3*     Visually  Inspect  the  oil  pressure  transmitter  fort 

Satisfactory  Unsatisfactory 

a.    Dented  or  cracked  case. 


bt    Daniaged  electrical  connector* 


c*    Damaged  oil  fitting* 


d*    Security  of  mounting*     

PART  II  OPERATIONAL  CHECK 

1*     Perform  an  operational  check  of  the  Synchro  Oil  Pressure  Indicating 
System  using  the  deadweight  tester.    Refer  to  TO  33A6-4-7-1  EXTRACT  to  perform 
operational  check* 

Cautions    Do  Not  cross  thread  the  NUT*. 

2*     Connect  the  deadweight  tester  to  the  synchro  oil  pressure 
transmitter  (finger  tight)*    Tighten  fitting  so  that  it  does  not  leak 
use  TWO  large  wrenches  provided*    Use  the  low  pressure  piston  and  weights 
for  this  test* 

3*     Connect  the  trainer  to  26V  AC  400  Hz  power  source,  push  in  the 
circuit  breaker    and  turn  ON  the  switches  (Oil  Pressure  and  26V  AC  400  Hz)  * 

Wamingt  Do  NOT  place  large  weights  on  top  of  the  small  weights,  and 
the  pressure  MUST  be  relieved  on  the  deadweight  tester  before  weights 
are  removed* 

Note:    When  pumping  up  tester,  be  sura  to  rotate  weights  slowly  to 
prevent  binding  of  the  piston 

4h     With  the  tester  relief  valve  open  and  NO  weights  on  tester,  the 
indicator  should  indicate  0  psi* 

Note:    Tolerance  is  ±  4  psi  for  all  readings  in  steps  4  through  8, 

Tap  transmitter  before  taking  readings* 

PSI       Satisfactory  Unsatisfactory 

0  psi  indicator  check       

5*     Close  relief  valve  on  tester  and  place  50  pounds  o£  weights  on 
tester  and  pump  up  pressure  until  weights  are  raised  slightly*  Indicator 
should  indicate  50  psi* 

50  psi  indicator  check       
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6.     Open  relief  valve  and  Increase  weights  to  100  pounds.    Pump  up 
pressure  until  weights  are  raised  slightly.    Indicator  should  indicate 
100  psl. 

PSI       Satisfactory  Unsatisfactory 
100  psl  indicator  check    * 


7.     Open  relief  valve  and  increase  weights  to  150  pounds  and  pump  up 
pressure  until  weights  are  raised  slightly*    Indicator  should  Indicate 
150  psl. 

150  psl  indicator  check       


8.     Open  relief  valve  and  increase  weights  to  200  pounds.    Puinp  up 
pressure  until  weights  are  raised  slightly*    Indicator  should  indicate 
200  psl. 

200  psl  indicator  check       


PART  III  TROUBLESHOOTING 

1*     Relieve  pressure  on  tester  and  place  trouble  switch  05  to  the  IN 
position.    Reduce  weights  to  150  pounds. 

2.  Close  relief  valve  on  tester  and  pump  up  pressure  until  weights 
are  raised  slightly^  while  observing  the  indicator. 

The  oil  pressure  reading  is  high  »  low  ,  erratic  > 

last  indication  (inoperative)  . 

* 

3.  Open  relief  valve  on  tester  to  relieve  pressure  on  transndtter. 

A.     Place  trouble  switch  jfS  to  the  OUT  position  axid  place  trouble 
switch  H  to  the  IN  position. 
. 

5.  Close  relief  valve  on  tester  and  pump  up  tester  until  weights  are 
raised  slightly,  while  observing  Indicator.    Then  release  pressure  while 
observing  indicator* 

The  oil  pressure  reading  is  high  >  low  ,  erratic  > 

last  indication  (Inoperative)  . 

6.  Place  trouble  switch  #6  to  the  OUT  position. 

7.  Turn  OFF  switches  on  trainer  and  pull  circuit  breaker. 
Note:    Have  instructor  check  trouble  indications* 

8.  Disconnect  trainer  from  26V  AC  power  source. 
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9.     Disconnect  the  electrical  connector  plugs  from  the  transmitter 
and  indicator. 

10.  Connect  the  test  leads  to  your  multimeter  and  zero  the  meter. 

11.  Place  trouble  switch  #5  to  the  IN  position • 

a.     The  location  of  t*^e  trouble  Is  wire  number  


b.     The  trouble  is  a  short  ,  open  ,  crossed  wires 


12.  Place  trouble  switch  //5  to  the  OUT  position  and  place  trouble 
switch  H  to  the  IN  position. 

a.     The  location  of  the  trouble  is  wire  number   


b.     The  trouble  is  a  short  ,  open  ,  crossed  wires 


13  •     Place  trouble  switch  #6  to  the  OUT  position. 

Note:  If  3ABR32632B  student:  Connect  up  transmitter  and  indicator 
electrical  connector  plugs »  disconnect  deadweight  tester »  and  clean 
up  tester.  Disconnect  leads  from  meter  and  stow  meter  and  leads  in 
cabinet* 

PART  IV  BENCH  CHECK 

1,  Using  the  following  procedures  perform  a  resistance  check  of  the 
transmitter*    Reconnect  electrical  connector  plug  to  transmitter  QMX* 

2.  Refer  to  EXTRACT  of  TO  5P5-3-1-73,  Section  III,  paragraph  3-6, 
and  figure  3-2,  for  the  resistance  check  of  the  transmitter.    Use  the 
multimeter  for  this  check  and  refer  to  tolerances« 

a.  Using  the  following  test  points  for  the  transmitter,  read 
and  record  the  ohmmeter  readings  on  the  blanks  provided » 

(1)  Test  points  A-D,  Ohms  . 

(2)  Test  points  D-C,  Ohms  . 

(3)  Test  points  A-C,  Ohms  . 

b.  Using  the  test  points  listed  below,  read  and  record  the 
ohmmeter  reading  for  the  transmitter  rotor. 

(1)    Test  points  A-B,  Ohms  . 


c.     The  transmitter  is  satisfactory  ,  unsatisfactory^ 

3.     Using  the  following  procedures  perform  a  Frictinn  and  Scale 
Error  Check  on  the  transmitter. 

633 
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4<     The  followlag  Instructiona  tell  how  to  connect  the  Synchro 
Field  Tester  to  the  transmitter* 

a*  Connect  the  power  cable  **A**  to  the  Power  Input  Plug  #10 
on  the  tester, 

b.  Connect  the  cable  *'G'*  (QB86030-1)  to  Test  Unit  Plug  #9 

on  tester* 

c*  Connect  the  cable  "G"  to  cable  "J"* 

d*  Connect  cable  **J**  to  transmitter, 

e.  Plug  cable  "A**  to  115V  AC,  400  Hz  outlet* 

Note:    Do  NOT  turn  power  switch  #17  on  at  this  time* 

5,     For  operation  of  the  Synchro  Field  Tester  for  bench  testing  the 
Oil  Pressure  Transmitter,  refer  to  the  EXTRACT  from  TO  33D2-6-105-1, 
paragraph  4-l3d  through  4-13i* 

a.     Paragraph  4-l3£   Voltage  Check 

(1)  Place  the  tniltimetar  to  the  AC  volts,  50  scale  range* 

(2)  Check  power  supply  voltages  for  26  (±  10%)  volts  at  18 
and  19  binding  posts.    Actual  reading  * 

(3)  Check  power  supply  voltage  for  10,8  (±  10%)  volts  at  19 
and  20  binding  posts*    Actual  reading  , 

(^)    Power  supply  voltages  are  satisfactory  » 

uns  atis  f  ac  tory  , 

b*     Paragraph  4-^13g   Amplifier  Gain  Control 

(1)    Turn  the  AMPL  QAIN  8  fully  clockwise*    Allow  the  servo 
amplifier  to  warm  up  for  at  least  one  minute  before  proceeding* 

Note:    Decrease  AmpI*  Gain  if  pointer  oscillates* 

c*     Refer  to  the  EXTRi^GT  from  TO  5P5-3-1-73,  Section  IV,  and 
chart  on  next  page«  which  gives  the  test  procedures,  test  points  and 
tolerances  for  the  transmitter  being  tested* 


SS4  " 


UH 


Frasaura 

PSi 

'ARC 

Tolerance 
'ARC 

Friction  Error 
S  U 

Bafore  tap 

After  Tap 

Scale 
S 

Error 

0 

20 

4.8' 

50 

100 

4.8* 

EZ  loo 

180 

6.4' 

150 

260 

6.4' 

200 

340 

6.4' 

Friction  and  Scale  Error* 


d*     The  transmitter  Is  satisfactory  ,  unaatlsfactory  • 

6i     Turn  power  switch  #17  to  the  OFF  position. 

7.  Relieve  the  preasura  on  the  deadweight  tester. 

8.  Remove  the  weights  and  place  them  back  in  the  racki 

9.  Disconnect  the  deadweight  tester  from  the  transmitter  and  CLEAN  UP 
any  spilled  oil. 

10.  Disconnect  the  lead  from  the  transmitter »  and  connect  It  to  the 
indicator  and  turn  power  switch  #17  to  the  ON  position. 

11.  Refer  to  the  EXTRACT  from  TO  33D2-6-105-1,  Section  IV,  paragraph  4-7 
through  paragraph  4-8  for  bench  check  of  the  oil  pressure  indicator. 

Note:    If  you  look  carefully  at  the  synchro  indicator,  you  will  notice 
that  the  100  psl  mark  gets  narrow  toward  the  outside.    This  is  the 
Electrical  Zero  position  for  this  indicator.    Para.  4-7  should  be  done 
before  going  to  parat  4-8. 

12.  Refer  to  EXTRACT  of  TO  5L6-2-4-3,  Section  III,  paragraph  3-6  through 
3-7  and  table  3-17  for  Bench  Test  of  the  Synchro  Oil  Pressure  Indicator. 

a*     Indicator  reads    psl   

b.     EZ  is  satisfactory  ,  unsatisfactory  * 

c*      Set  the  SYN  IND  switch  U  to  the  CAL  position  (para.  4-8, 
TO  33D2-6-105-1). 

13.  Rotate  the  knob  on  the  autosyn  precision  transmitter  #1  to  obtain 
test  trans,  readings,  lAW  the  following  chart # 
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Mote:  If  pal  reading  Is  not  correct,  adjust.  Trans*  #1  to  exact^  so 
Indicator  pointer  will  read  the  desired  Indication  listed  In  chart* 


Friction 

Scale 

Indicator 

Test  Trans. Reading 

Before  Tap 

After  Tap 

E^cact 

Error 

Error 

Psl 

Degrees 

Psl 

Pal 

Degreed 

S 

U 

S 

U 

0 

20^ 

50 

100* 

lOOEZ 

180^ 

150 

260^ 

200 

340** 

Friction  and  Scale  Error* 


a.      Friction  Error_  Test  is  satisfactory  .  unsatisfactory  

,  Scale  Error  test  is  satisfactory  ,  unsatisfactory  , 

14*     Position  Error  Test 

a.  Set  the  Autosyn  Precision  Transmitter  at  Mid-Scale  (180^).  Take 
a  reading  with  the  indicator  in  a  normal  horl^sontal  position*    This  reading 
should  NOT  DIFFER  from  the  readings  with  the  indicator  in  any  other  position 
by  more  than  the  tolerance  of  1/2  degree,  by  adjusting  the  Autosjm  Precision 
Transmitter  to  make  indicator  read  its  previous  (horizontal)  reading. 

b.  The  indicator  is  satisfactory  ,  unsatisfactory  * 

15.     Disconnect  the  test  equipment,  stow  the  leads,  and  connect 
electrical  connectors  on  trainer. 

16*     Put  teat  equipment  away  and  turn  In  the  wrenches  to  the  tool  box* 

17.     Sign  last  name  on  cover  of  workbook. 


SECTION  C 

EQUIEMENT 

Baa  is  of  Issue 

Variable  Reluctance  Trainer  //4127  1/ student 

3ABR32531-MB-203,  3ABR32632B-MB-303  l/atudent 

Tester,  Deadweight,  Part  #10-10525  l/studant 

Multimeter  l/student 

Wrenches  (1"  by  3/4")  2/student 

PROCEDURE 

Note:    Obtain  all  equipment  necessary  before  starting  test. 
Place  a  checkmark  (/)  In  the  appropriate  blank* 
Refer  to  TO  EXTRACT  if  necessary. 
PART  I  VISUAL  INSPECTION 

1*     Visually  Inspect  the  variable  Reluctance  Oil  Pressure  Indicator  for: 

Satisfactory  Unsatisfactory 

a*     Cracked  or  loose  glass*     

bt     Condition  of  fluorescent 

markings,     

c.  Conliition  of  pointers.     

d.  Damaged  case*  *     

e»     Damaged  electrical  connector 

plug*     

f.     Security  ofmountlng,     

2*     Visually  inspect  the  Variable  Reluctance  Oil  Pressure  Transmitter  for: 

a.  Damaged  case.     

b.  Damaged  electrical  connector 

plug*     

c*     Oil  leaks.     

d.     Security  of  mounting*     

6S7 
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PART  II  OPERATIONAL  CHECIC 

1*     Using  the  wrenches  connect  the  Deadweight  Tester  to  the  Variable 
Reluctance  Transmitter* 

Note:    Be  careful  and  do  NOT  cross  thread  the  fitting* 

2*     Make  f^ure  the  trouble  switches  are  to  the  OUT  position* 

3*     Connect  the  trainer  power  cord  to  the  26V  AC  400  Hz  outlet* 

a.      The  oil  pressure  Indicator  reads  off  scale  low  , 

zero  ,  off  scale  high  * 


4*     Push  the  circuit  breaker  IN. 

a«     The  oil  pressure  indicator  reads  off  scale  low 


zero  ,  off  scale  high 


5*     Add  95  pounda  o^f  weights  to  the  deadweight  tester* 

6*     Pump  up  the  deadweight  tester  until  the  weights  are  raised  sllghtlyi 

a*     The  Indicator  reads  zero  ,  100  psl  * 

PART  III  TROUBLESHOOTING 

1*     Relieve  the  pressure  on  the  tester  and  reduce  weights  to  60  psl* 

2*      "lace  trouble  switch  itl  to  the  IN  position*    Close  valve  on  the 
tester  and  pump  up  pressure* 

a*     The  Indicator  Indicates  60  psi  ,  off  scale  low  , 

off  scale  high  . 

b*     The  system  Is  satisfactory*  ,  unsatisfactory  * 


3*     Open  valve  and  bleed  down  tester*    Place  trouble  switch  //I  to  the 
OUT  position  and  place  trouble  switch  #2  to  the  IN  position*    Close  valve  on 
tester  and  pump  up  pressure* 

a*     The  Indicator  Indicates  60  psl  ,  off  scale  low  , 

off  fjcale  high  * 

b*     The  system  Is  satisfactory  ,  unsatisfactory  * 


4*     Open  valve  and  bleed  down  tester*    Place  trouble  switch  #2  to  the 
OUT  position  and  place  trouble  switch  tf3  to  the  IN  position*    Close  valve  on 
tester  and  pump  up  pressure* 

a*     The  Indicator  Indicates  60  psl  ,  off  scale  low  , 

off  3cale  high  * 

17 


bt     The  system  la  aatlafactory  ,  una  at  la  factory  * 

5*      Open  valve  on  the  tester  and  bleed  dovn  the  preaaure*    Place  trouble 
switch  //3  to  the  OUT  position. 

6,  Remove  welghta  from  the  tester  and  place  welghta  back  In  the  proper 

rack« 

7,  Dlaconnect  the  power  lead  from  the  26V  AC  400  Hz  outlet* 
8«     Pull  the  circuit  breaker* 

9.     Remove  the  electrical  connector  pluga  from  the  Indicator  and  the 
transmitter . 

10.     Complete  the  following  chart*    Be  aura  that  each  trouble  switch  Is 
to  the  IN  position  before  troubleahootlng  that  particular  trouble. 

Kind  of  Trouble 

Trouble  Switch                 (Open,  Short,  etc)  Wire  it 

#1     

//2     

#3     

11*     Maka  aure  that  all  trouble  swltchea  are  to  the  OUT  poaltlon* 

12*     Reconnect  the  indicator  and  the  tranamltter  electrical  connector 
pluga* 

Note;    Bench  check        to  be  accompllahed  by  3ABR32632B  atudenta. 
PART  IV  BENCH  CHECK 

1,  Reconnect  the  power  lead  to  the  26V  AC  400  Hz  outlet* 

2,  Puah  the  circuit  breaker  in, 

3*     Apply  weights  to  the  teater  for  40  psl*    Close  the  valve  and  pump 
up  preaaure. 

a*     The  indicator  indicates      _^  psi* 

bt     The  system  is  aatiafactory  _      ,  unaatlaf actory 

Note;    If  any  indicator  reading  la  high  or  low,  enter  the  reading  on  the 
blank  and  check  aa  unaatlafactory.    The  tolerance  la  ±  4  for  all  readlnga 
Tap  indicator  before  each  reading* 
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4*  Open  the  valve  and  bleed  down  tester*  Add  weights  to  tester  for 
60  psl*    Close  the  valve  and  pump  up  pressure*  ' 

a*     The  Indicator  Indicates   psl* 

b#     The  system  is  satisfactory  ,  unsatisfactory  * 


5*     Open' the  valve  and  bleed  down  tester*    Add  weights  to  the  tester 
for  80  psl* 

a*      The  indicator  indicates  psl* 

b*     The  system  is  satisfactory  ,  unsatisfactory  * 

6*     Open  the  valve  and  bleed  down  the  tester* 

7*     Remove  the  weights  from  the  tester  and  place  than  back  in  the 
pr.iper  rack* 

8.     Disconnect  the  tralner^s  power  lead  from  the  26V  AC  400  Hz  outlet. 
9*     Disconnect  the  tester  from  the  trainer* 
10*     Clean  all  the  oil  from  around  the  trainer  and  the  deadweight  tester* 

11.  Remove  the  leads  from  the  multimeter  and  put  the  meter  back  in  the 
cabinet  * 

12.  Return  the  xnrenches  to  the  tool  box* 

13*     Make  sure  that  you  sign  your  workbook  and  turn  it  in  to  your 
instructor* 

14 4     Student *s  test  Name 
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'     KEPBDDUCTIOH  FOR  ATC  TRAIUIHG  USE  OKLY,  DO  NOT  USE  OH  THE  JOB, 

T,0. '  Section  1 

Paragraphs  1-1  to  1*11 


S£aiON  I 
INTRODUCTION  AND  DESCRiprlON 


l-I.  IDENTiriCATION. 

|U2*  this  manuiJ  contains  Operation  awl  Service 
linfltructiona  fbr  the  HfdrsuUc  Pressure  Gage  Dead 
;Waiftit  Tester  (FSH6»9-3aS*2S4S},  this  eQutpment 
is  manufactured  ^  Musfiekl  &'Green,  Clsveiand  14> 
Obto^  under  their  Part  Timber  10^10925^  containing 
Serial  timbers  105S*S  tbrougb  1056-60  and  Serial 
Number  1CB6-S1  wad  SUbsequep^  (See  tsisnibkd 
Ylews  d  the  ei|u^ment.) 

U3«  DESCHIPTION. 

U4«  PURPOSE*  Tim  basic  contpotieU  cf  the  Dead 
Welgbt  Tester  le  &  twin  seel  BydrosteHc  Test  Unit. 
This  unit  ii  a  hand  opereted  piston  t^rpe  pump  de* 
signed  epecifically  lor  teetinf  of  pressure  gages* 
Some  ol  its  other  uses  Include  setting  bydreulic 
relief  Yalvee,  pressure  switches*  hydraulic  tuftiing 
or  piping  syrtems  or  any  prtesure  operated  device. 
This  aseembly  Is  deelgnsd  tor  operation  to  10,000 
pounds  per  square  inch. 

1-9.  CAPABILtnES  AND  UMTTATIOKS.  Each  unit 
'  of  eqiu^ment  consists  ol  e  csrrylng  case  complete 
with  twin  seal  preasurs  test  unit»  wrenches^  gage 
pointer  puller  and  set  assembly,  testing  atttehmtnt 
(high  preasurs  piston,  low  pressure  piaton  for  Serial 
I^Umber  1056-0  through  Serial  Number  1056^60  and 
a  one  piece  high  and  low  pressure  piaton  for  Serial 
Nuaibers  1066^61  and  Subsequent,  dead  wtfgbt  cyUn* 
der,  ofTaet  pipe  assembly,  high  pressure  hoae  assem- 
bly) and  a  complete  aet  of  dead  weights  in  separate 
carrying  cases*  This  equipment  will  produce  pressure 
in  5  pounds  per  square  inch  Ineremeota  &om  S  to 
2000  pounds  per  square  inch  pressure  using  the  iov 
pressure  piston  and  from  25  to  10>000  pottnds  per 
equtre  Inch  pressure  with  the  high  preasure  piston* 

GENERAL  C0»3THUCTI0N.  The  twin  seilhy* 
drostatic  test  unit  cooiists  ol  aa  oil  reaenroir,  relief 
valvftr  vernier  valve  and.  handle*  The  oil  reservoir 
c<Ritains  tbs  quantity  ol  oil  rsquired  for  building  up 


^the  neceesary  pressure  to  adequately  test  the  various 
components.  The  relief  valve  when  cloaed  allows  the 
pressure  to  build  up  within  the  equipment.  The  vernier 
valve  is  used  to  adjust  the  pressure  after  it  has  been 
built  up  tO'the  desired  range. 

1-7,  PRINCIPLES  OF  OPERATION.  In  general,  the 
test  unit  functions  sinUIarly  to  any  other  hand  pump, 
Operatliv  the  hand  lever  pumps  oilfromthe reservoir 
to  the  outleU,  When  the  relief  valve  is  cloeed,  pres* 
sure  is  developed  in  the  pump.  Opening  the  relief 
valtw  allows  the  presaure  to  decrease  and  the  oil 
supply  to  return  to  the  reservoir.  Once  pressure  is 
built  up  to  the  deaired  range,  the  vernier  valve  can 
be  used  to  accuretely  adjust  the  preesure  to  the 
deaired  exact  value,^ 

US,  ATTACHMENTS  USED  IN  CONJUNCTION  WITH 
EQUIPMENT* 

US*  DEAD  WEIGHT  ATTACHMENT*  The  dead  weight 
attachment  consists  of  a  cylinder  for  mounting  on  the 
twin  seal  preesure  test  unit" and  one  low  and  one  high 
pressure  piston  for  Serial  Numbers  1056^6  through 
lOBS'SO  and  a  one  piece  high  and  low  preesure  pieton 
for  Serial  HUmbera  1056-81  and  Subsequent, 

1-10*  DEAD  WEIGHTS*  The  set  Of  dead  weights  for 
Serial  Nunibera  1096-S  through  1056-80,  conalsts  of 
18  welghte  as  ahown  In  figure  UI. 

UU,  DEAD  WEIGHTS,  The  set  of  dead  weights  for 
Serial  Number  lOSS-Sl  and  Subaequent,  consists  of 
27  weights  as  shown  in  figure  1-2, 


NOTE 

The  dead  weights  are  shipped  In  two  separate 
carrying  cases  fbr  each  series  of  serial  num- 
bers as  mentioned  in  paragraphs  UIO  and  1-11, 
The  dead  weights  should  be  kept  in  these  cases 
when  not  in  use. 


PART 
NtmSER 

SIZE  (IN,  DU) 

KDMBER 
REQ^D 

PRESSURE  PRC 

)DUCED"PSI 

WEIGHT 
LBS 

LOW  PRESSURE 

HIGH  PRESSURE 

lGT-57 

IGT^SS 

lGT-59 

lGT*63-2 

1GT-S3-3 

3-1/1 
*4 
*5 

S 

S 

4 

I 
S 
1 

S 
20 

200.  ' 
IS^ 

25 
100 
500 
1000 
979 

1/2 

a 

10 
20 

19-1/a 

Figure  1-1,    Table  of  Dead  Weights 
20 
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Paragraphs  1-12  to  1*16 


T,0,  33A6-4-7-1 


REPKODUCED  FOR  ATC 

COlRvE  Hit 


PART 
NUMBER 

SIZE  m  OlA) 

NUMBER 
HEQ'O 

PRESSURE  PRODUCED"  RSI 

WEIGHT 
LBS 

LOW  PRESSURE 

HIGH  PRESSURE 

lGT-30$ 

9 

18 

100 

500 

10 

lGT-206 

9 

1 

95 

475 

"9-1/2 

ICT-207 

5 

4 

20 

100 

2 

3-1/2 

4 

5 

25 

1/2 

Tlfur*  1*2.  Tat>l«  of  D»ad  V^dlEbtt 


1-12,  Each  set  ofd»adwei^s(S#rlalNumb«r8 1050-6 
throutrh  1050-60)  Includea  Jne  ft  inch  diameter  wtlght 
which  produce*  195  pouikdf  ptr  aquarft  Inch  prtMure 
with  the  low  pressure  pietoiu  Tbm  Object  te  to  pro^fde 
an  even  ilfure  for  higher  pressuree.  For  example:  the 
high  prefsure  piaton  (25  F01}wltbthi«welght (975  PSI) 
totals  an  even  1000  pounds  per  square  inch, 

1-13.  Each  set  of  deadweights  (Serial  T^unber  1058- 
81  and  subsequent)  includes  oneOlnchdlameterwelght 
which  produces  05  pounds  per  square  Inch  pressure 
with  the  low  pressure  piston.  As  explained  la  the 
previous  paragraphs  tnts  wlU  provide  an  even  figure 
for  higher  pressures.  An  example  for  this  group  of 
serial  numbers  is:  tbs  high  pressure  plst^m  {25  PSD 
with  this  weight  (475  PSt)  totals  an  even  900  pounds 
per  square  Inch, 

1- 14,  On  each  weight  two  mimbere  are  stamped,  indi- 
cating the  pressure  produced.  For  example,  the  four 
intfh  diameter  weights  (Serial  Numbers  1056^8  through 
1056-60)  and  the  five  inch  diameter  weights  OSerial 
Nuihber  1056*81  and  SUbisqufnt)  are  stjunped  20  In 
one  place  and  100  in  another  on  the  upper  surface. 
This  Indicates  that  when  the  low  pressure  pUtonis 
used  that  the  weight  produces  20  pounds  per  square 
inch  pressure  and  when  the  high  pressure  piston  is 
jised  the  same  weight  produces  100  pounds  perequar^ 


I  inch  pressure* 


NOTE 


Each  weight  Is  stamped  with  the  -  equivalent 
pounds  per  square  Inch  pressure  produced. 
This  weight  when  added  to  the  weight  stamped 
on  the  platform  ol  the  piston  equals  the  total 
dead  vrelgUt  preesure  In  pounds  psr  square 
Inch, 


1-15,  HIGH  PRESSURE  HOSE  A3S&MBLV«  CS^e  figure 
1-3,)  The  high  pressure hoeeaseemblylssupplled  with 
the  equipment  for  use  in  portable  testing.  HUs  hoee 
assembly  (1)  Is  connected  to  the  end  of  the  twin  seal 
pressure  test  unit  body  (2)  m  ehown.  The  body  phjg 
(3)  is  then  instaUed  at  the  point  w^ierethe  plain  nipple 
union  assembly  (4)  was  removed. 

1-18.  OFFSET  PIPE  ASSEMBLY,  (See  figure  4-2J 
The  offset  p^  assenibly  (1)  Is  attached  to  the  nipple 
union  of  the  twin  seal  preeeure  test  unit  as  shown. 
The  nipple  and  union  attachments  of  the  ottMt  pipe 
as'sembiy  can  be  used  to  accommodate  the  gagef  ttting 
being  tested.  It  canbe  turned  and  eecured  in  various 
positions  to  facilitate  ease  In  handling  of  the  dead 
weights  and  observance  of  tbe  gage  under  test. 


1*  Hose  Assy 
2.  Body 


3t  Body  Plug 

4t  Plain  Nipple  Union  Aflsy 


Figure  1-X  portable  Pressure  Testing  Arrangement 

21 


Section  IV 

Paragrsiphd  4-^10  to  4-^12 


T.a  33A6-4-7-1 


8. 


I"  

I  Qperai 


Offa«t  pipe  A0«y  9* 

D«ad  Weight  10, 

Platform  11. 
Dead  Weight  CyUnd^r  12, 

Body  13, 

Bolt  14. 

R«li0f  Valire  15, 

Drip  Pan  16, 


Plfiton  Aesy 
Vernier  Valva 
Clevia  Pin 
Handl« 
Union  Nut 
G$ge  Pointer 


J 


Figure  4-2,  Setup  ot  Part  Number  lO*  10525 
Hydraulic  Prewure  Gagt  Dead  Weight  Teeter  for 
Qperatl(»i  (Serial  Numbere  10Q0<-6  through  1056 


/I  ■ 

ror  I  I  Hyd: 
•60)  I    I  Open 


1.  Offset  Pipe  ABay 

2,  Dead  Weight  10. 

3.  Platform  11. 

4,  Dead  Weight  Cyilnder  12, 

5,  Body  13. 

6.  Bolt  14. 

7,  Relief  Valw  15. 

8.  Drip  Pan  16. 


Plug 

piston  Assy 
Vernier  Vaive 
CJevis  Pin 
Handle 
Union  Nut 
Gage  Pointer 
Gage 


Figure  4-3<  Setup  of  Part  Number  10<-I0S2S 
Hydraulic  Pressure  Cage  Dead  Weight  Tester  for 
Operation  (Serial  Number  1056-81  and  Subsequei 


for  I 


piston  so  that  the  piston  guide  le  not  damaged. 
When  Inserting  or  removing  the  piston  from  the 
unitt  rotate  It,  In  this  manner  scoring  of  the 
piston  or  dead  weight  cylinder  (4)  will  be  pre- 
vented. Keep  the  piston  in  Its  protective  tutw 
aesembly  In  the  carrying  case  ivhen  not  in  uee. 

4-10.  LOW  PRESSURE  PISTON.  The  low  pressure 
piston  has  the  numeral  5  stamped  on  the  platform  of 
the  piston,  indicating  5  pounds  per  square  inch  when 
using  this  low  pressure  piston.  This  weight  stamped 
on  the  plat/orm  plus  the  weight  etanaped  on  the  dead 
weight  equals  the  totii  dead  welglt«  prmure  in  pounds 
per  square  inch. 


CAUTION 


1 


Exercise  care  when  handling  the  low  preesure 
piston  so  that  the  piston  guide  is  not  damaged. 
V.  m  inserting  or  removing  ths  piston  from  the 
unit,  rotate  it*  in  thU  msnrtfr  scoring  of  the 
piston  or  dead  weight  cylindsr  (4)  wlU  tw  pre- 


vented. Keep  the  piston  In  its  protective  tube 
assembly  in  the  carrying  case  when  not  in  use< 

4*11.  DEADWEIGHTS.  Each  set  of  dead  welghU  is 
listed  in  figures  1<-1  and  U2*  These  weights  produce 
pressure  in  5  pounds  per  squai'e  inch  incremente  from 
5  to  2,  000  pounds  per  square  Inch  using  the  low  pres- 
sure piston,  and  25  to  10,000  pounds  per  square  inch 
using  the  high  pressure  pistoi.  Pu^agraphs  1-10  through 
1-^14  deecrlbe  the  differences  in  dead  welgbte  between 
the  various  serial  numbers. 
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One  person  should  not  attempt  to  lift  or  carry 
the  sets  of  dead  weights  any  distance.  Each 
__set  weighs  approximately  100  pounds. 

4-12.  OPERATION. 

a.  Bolt  ths  drip  pan  (8),  figiire  4<-2  and  4-3,  firmly 
to  the  bench  if  permanent  location  Is  destred  for  dead 
weight  testing. 
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Section  IV 


NOTE 


The  long  drip  pan  It  deylffned  for  poruUle  pur- 
pOf«s  and  lus  Rn  advantage  Uut  It  will  not  Upj 
if  not  bottfd  to  i  b^neht  whan  Uie  Juuid  lever  le 
Operated* 


Remove  tbe  plain  unloit  nipple  «nd  mount  the  dead 
weight  cylinder  (4)  directly  on  the  pump  body 

c*  Attach  the  offeet  pipe  aeiemhly  (1)  to  the  nippl« 
anion  by  tfecurlng  irtth  the  union  nut  (14), 

d«  Place  the  gage  (16)  being  teated  on  the  other  end 
of  the  offyet  pipe  aeeeixibly  and  eecure. 


NOTE 

[The  gage  being  teeted  mtiet  be  at  ey»  lev^i  and 
straight  in  front  ot,  not  iidemyi  to»  the  oper- 
ator. Secure  when  in  poeitlona^ehom  in  figuree 
i'2  and  4-3,  or  ae  inetmcted. 


9*  Insert  either  the  low  or  high  preeeurs  pieton  (for 
Serial  Number  1056-6  through  1056-60)  into  the  dead 
weight  cylinder  a«  the  application  may  require.  For 
th«  Serial  Numbere  1056-ftl  and  Subsequent  the  high 
and  low  pre«<ure  pieton  le  one  piece* 


NOTE 

iSach  dead  weight  li  etamped  with  the  equiva- 
lent of  the  poundf  per  square  inch  produced* 
When  added  to  the  pounde  per  equare  Inch 
etamped  on  the  platform  of  either  the  low  ^r 
high  preeeure  pieton  the  total  equale  the  dead 
weight  preisure  in  pounde  per  equare  Inch  for 
the  gage  being  teeted.  See  paragraph  4-  U  for 
further  description  and  application. 


^  When  the  relief  valve  (7)  la  closed,  the  pressure 
Is  developed  In  the  pump.  After  pressure  has  been 
pumped  up  with  the  handle  (13)  to  the  approximate 
preseure  desired,  the  vernier  valve  (11)  Is  used  to 
obtain  the  exact  preesure*  With  careful  calibration  a 
good  test  gage  can  be  id^teted  to  plus  or  minus  one^ 
tenth  of  one  percent  of  the  pressure  value* 


NOTE 

The  accuracy  of  calibration  depends  on  the  care 
of  the  cfierator* 

g«  Weights  should  be  rotated  elowly  and  continuously 
I  when  pumping  up  pressure  and  also  when  the  pressure 
lof  the  gage  being  teeted  has  been  reached  equal  to  the 
(weights* 
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CAUTION 


The  plug  (9)  should  be  open  when  in  Opera- 
tion. Close  only  for  refilling  reeervolr  or  for 
storage  in  carrying  case* 

rh*  Pump  the  unit  until  the  weights  plus  the  platform 
k3)  are  raised  allghtly* 


CAUTION 


Uee  care  when  operating  the  pump  to  prevent 
I  the  pressure  from  exceeding  the  maximum 
I  reading  ot  either  the  equipment  being  teeted 
or  the  test  gage.  Tap  the  case  lightly  with  a 
I  filler  for  accurate  reading  of  a  preesure  gage* 

1.  If  the  gage  being  tested  does  not  agree  with  the 
reading  of  the  total  dead  weight  preseure,  remove 
the  threaded  bexel  ring  with  glass  and  using  the  gage 
pointer  puller  and  set  assembly  tool  (4,  figure  2*^2), 
remove  the  gage  pointer  (15^  ftguree  4-2  and  4-^3)* 

NOTE 

The  gage  pointer  puller  and  set  assembly  tool 
opi^rates  the  same  as  small  wheel  puller*  PlaC' 
ing  the  pOUiter  puller  into  position  over  the  gage 
pointer  and  turning  the  hexagon  head  cap  wlU 
pull  the  pototer  from  the  pointer  statf* 

J.  Align  the  gage  pointer  on  the  gage  to  the  proper 
range  point  to  agree  with  the  total  dead  weight  pres- 
sure* Place  the  drilled  end  ot  the  tee  handle  pin  (on 
the  pointer  puller)  at  the  center  of  the  pointer.  Tap* 
ping  the  pin  Ughtly  with  a  email  hammer  will  secure 
the  pointer.  Repeat  the  test  until  the  gage  reading 
agreee  with  the  reading  ot  the  total  dead  weight  pres- 
sure or  as  instructed.  j 


To  stop  the  equipment,  open  the  relief  valve  (7) 
to  relieve  the  oU  back  to  the  reservoir,  the  pressure 
in  the  system  will  then  drop  to  xero« 

1.  Remove  the  gage  by  dleconnectlng  the  union  nut 
(14),  also  remove  the  union  body  from  the  gage*  The 
gaf  can  then  be  returned  to  Its  activity  and  the  parts 
oi  ihe  equipment  returned  to  their  reepectlve  places 
in  the  carrying  case* 


CAUTION 


When  removing  the  low  or  high  pressure  piston 
from  the  unit,  rotate  piston  as  it  is  lifted  out* 
This  wtu  prevent  scoring  of  elthej^  or  both  the 
dead  weight  cylinder  (4)  or  piston. 
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SSCTEON  II 
SP£C:aL  SGIIVICS  tooi^ 

(NOT  APPLICABLE) 


sicnoN  til 

PREPARATION  FOSt  USS,  STORAGE,  OR  SHIPfViENT 


30«  PftCPARATION  rOR  USL 

3*2,  Uh|>ackth«  Te»t  Set  from  theshlppinifcontalner 
and  twins  back  the  protective  co^er  to  see  that  all 
the  ctblcs  listed  In  (igtire  l*A  are  in  the  cable  stor^ 
age  compartment  adjacent  to  the  Inetniment  ptnel, 
Make  sure  that  the  booklet  of  calibration  tables  haa 
been  mcluded,  Allow  sufficient  apace  around  the 
Test  Set  for  connecting  the  test  cables  to  units 
under  test, 


3-3*  The  Test  Set  requires  a  power  source  of  either 
US  voits  or  26  volts,  400  cps,  single  phase.  Power 
cpneumption  is  approximately  25  watts, 

3*4*  STORAGE  OR  SHIPMENT. 

3^S,  Refer  to  specification  MIL-P-U6C  for  general 
requirements  covering  the  preservation  of  equipment 
against  corrosion  during  shipment  and  storage. 


SECTION  IV 
OPERATION  INSTRUCTIONS 


40«  GENERAL 

A*2^  The  instructions  given  in  this  section  refer  to 
the  operation  of  the  Test  Set,  and  are  not  intended  to 
serve  as  test  procedures  lor  the  unit  under  test, 
When  the  Test  Set  is  used  in  an  ai^rcraft,  the  booklet 
of  caUbration  tables  provided  will*  serve  as  a  con- 
venient guide  for  test  iralues  to  be  obtained  from  the 
unit  under  test.  Refer  to  the  applicable  technical 
manual  on  the  unit  under  teet  for  specific  test  instruc*' 
Uon^',  test  values,  and  permissible  tolerances. 

4-3.  OPERATING  CONTROLS^  INDICATORS^  AND 
CONNEOIONS* 

4-4,  All  the  operating  controls,  indicators,  and 
connecting  points  of  the  Test  Set  are  illustrated  in 
figure  4*2  and  their  function  Is  given  in  figure  4*1, 
In  addition  to  the  items  tisted*  two  l^ampere  fuses 
and  one  3/d*ampere  fuse  are  fitted  on  the  instrument 
panel.  Two  spare  fusee,  one  for  each  type,  are 
also  included, 

4*S*  TfST  SETUP  PROCEOURH* 

a.  Set  all  switches  and  controls  to  OFF  or  fully 
counterclockwise  position, 
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b.  Connect  test  adapter  cable  QB86030-1  to  the 
TEST  UNIT  connector  on  the  panel  of  the  Test  Set, 

^  

:  CAUTION  i: 

Understand  the  entire  operation  before 
starting  to  test  a  unit, 

4*6,  SYNCHRONOUS  INDICATOR  TEST 
raOCEDURfS* 

a.  Disconnect  the  cable  from  the  indioator  under 
test  in  the  aircraft, 

b.  If  a  single  indicator  le  to  be  tested,  connect 
Autosyn  Synchro  teet  cable  QBd490e-l  between  test 
adapter  cable  QBe6030-l  and  the  indicator*  Connect 
power  source  cable  QB66032-1  to  the  disconnected 
aircraft  cable  and  to  the  POWER^tNPUT  10  connect 
tor  through  adapter  cable  QBd6063<^l, 

c.  ff  a  dual  indicator  Is  to  be  tested^  connect  dual 
Indicator  test  cable  QBe6020*l  between  test  adapter 
cable  QBd6030*l  and  the  indicator.  Connect  power 
eource  cable  QB36031-1  to  the  dleconnected 

2*l/3-l/4M 
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CONTROL  NOMENCLATURE 

FUNCTION 

Autojyn  trwtsmltter  1 

Establiahss  standard  against  whlcti  synchronous  and  ser-^ 
voed  Indicators  are  tested. 

TEST  SEL  switch 

Selects  the  test  clrctiltry  for  the  unit  under  tejt.  The 
SYN  IND  position  Is  used  for  testing  synchronous  IndU 
caEors;  the  SERVO  position  Is  tor  tejttngservoe^ 
Indicators;  the  MOTOR  position  Is  for  ttStlng  low 
Inertta  motors;  the  TRANS  position  li  for  testing  trans* 
mJtters;  and  the  DIFF,  position  is  tor  testing 
dirr^rentUls, 

Servoed  AuMyn  litdlcator  3 

Used  as  standard  ior  tnoting  accuracj  d  transinJtt«rs  and 
dlifertntlals  under  test. 

SYN  mo  switch  4 

Selects  the  test  circuitry  Sot  the  type  of  test  t>elng  per^ 
formed  on  synchronous  Indicators,  The  E-Z  position 
Is  used  for  checking  electrical  sero.  and  the  CAL  posl* 
tlon  is  used  when  performing  calibration  tests. 

MOTOR  VOLTS  FXD  5  control 

Varies  voltage  applied  to  flxed*phase  windings  of  low 
Inertia  motors  when  MOTORS  VOLTS  switch  ts  in 
FIXED 0  position. 

MOTOR  VOLTS  VAH  S  control 

Varies  voltage  applied  to  varlabla*phaie  windings  d  low 
InerUa  motors  when  MOTOR  VOLTS  switch  Is  in  VAR^ 
position. 

MOTOR  VOLTS  T  Switch 

EnaibleS  monitoring  and  adjustment  of  low  Inertia  motor 
phase  voltage  at  vtvm  binding  posts. 

AMPL  GAIN  e  control 

Varies  gain  of  servo  amplifier  In  Test  Seti 

TEST  UNIT  9  connector 

Provides  connection  on  Test  Set  to  unit  under  test. 

POWER-INPUT  10  connector 

Provides  connection  on  Test  Set  to  power  source. 

POWER  16  lamp 

1 

Providen  ImllcaUon  that  Test  Set  Ls  energized  when 
POWER  Switch  is  ON, 

POWER  17  switch 

Controls  Input  power  to  the  T^vst  Set, 

26V  16  an<J  19  binding  posts 

Provide  connection  for  raooitorlng  test  circuits  for  26 
volts. 

10,  dV  19  and  ZQ  binding  posts 

Provides  connection  for  monitoring  test  ctrcults  for 
10,  e  volts. 

VTVM  21  and  22  binding  posts 

Provide  connections  for  monitoring  motor  fbted-phase 

voltage^  varinble  phase  voltage,  and  servo  nulls,  | 

Figure  4^1 1  Operating  Controls,  Indicators*  and  Connections 


aircraft  cable  and  to  the  POWEA-INPtJT  10  connector 
through  adapter  cable  0886063-1, 

H    See  that  alrcrall  power  is  on, 

e,  5>t  the  POWER  17  switch  on  ths  Test  Set  to  ON, 
T'*;:  POWER  16  lamp  should  come  on^  Indicating  that 
tv<n      \n  pnerflzert/  TJ^H^  a  vtvm  or 


voltohmmeter,  check  a-c  voltages  at  26V  16  and  19 
binding  posts  for  26  volts  ilO  percent  and  at  10,  eV 
!9  and  20  binding  posts  for  10,6  volts  tlO  percent, , 

Not« 

If  the  Indicator  Is  tested  on  a  test  bench 
rather  than  In  an  aircraft,  use  power  source 
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cable  QB8€062«1  to  eomiect  to  a  ll$«vott, 
400  eps  power  tupply,'  and  dlirtgard  power 
souTCt  cablts  QBd60$l«l,  .QBa6032-l,  And 

4*7.  ELECTRICAL  ZERO  CHECK. 

a.  Set  the  TEST  SELfwjtej)  foSYNINDawt  tbt 
SYNIND4  switej)  to  E-^Z, 

b,  Tti*  indicator  luidar  tBst  will  aaiumt  Jti  tleetri* 
eal  zero  position.  Cheek  the  value  agaioit  the  ealU 
bratioa  value  for  the  unit  under  teit 

ANGLE  CHECK. 

a.  5et  the  SYK  JND  4  ewlteh  to  CAL,  and  rotate  the 
tait  sot  tranamltter  '*r*  to  the  anglee  epeelilid  for 
the  unit  under  teet«  uelitff  the  calibraUoo  booklet  tor 
the  proper  ajsifle  aettingi* 


b.  The  indicator  under  teet  ehould  follow  the  Teat 
Set  tranjctltttr  wtthia  the  appUeabie  toleraneee 
ipeeified  is  tbe  teelmleal  manual  for  the  indicator 
under  teat. 

e.  TUm  POWEH  17  iwltch  to  OFF  (down)  poeltton, 
d.  Hemoi^e  eonneetionf  from  unit  under  t$§L 
4-9.  S^VOED  INDICATOR  ANGU  OiC<X* 

a.  Dlaconneet  the  cable  from  the  een^oed  indicator 
under  teet  is  tbe  aircraft. 

b.  Connect  eervoed  Indicator  teet  cable  QB84d67-l 
betweer  teet  adapter  cable  Q066O3O«1  and  the  eervoed 
Indicator  under  teet 


c.  Set  TEST  SEL  2  iWltch  to  SERVO. 
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d.  Connect  power  sc^trce  cable  QB6Q033-1  to  the 
dliconnecled  aircraft  cable. 

e.  Set  the  POWER  17  switch  to  ON. 

f.  Check  power  suppler  volta|f«3  at  2Qv  IH  and  19 
binding  posts  for  26  1 10  percent  volts  and  tt  tO*  SV 
19  and  20  binding  po3t9  Tor  10.3  tlO  percent  volts* 

g*  Turn  AMPL  GAIN  6  control  fully  clockwise. 
Allow  the  SERVO  amplUter  to  warm  up  tor  at  least 
one  minute 

The  slghal  input  volta^  to  the  amplifier  can 
be  monitored  by  connecting:  a  vtvm  across  the 
VTVM  21  am)  22  binding  posts. 

h.  Rotate  the  Test  Set  transmitter  1  to  the  angles 
jipeclfled  In  tiie  calibration  booklet  for  the  servoed 
Indicator  under  te^t. 

1.   The  servoed  Indicator  snotild  follow  the  test  set 
transmitter  settings  within  the  applicable  tolerance 
specified  far  the  indicator  tinder  test. 

4-10.   LOW  INERTIA  MOTOR  DIRECTIOM  TE3T. 

a.  Set  TEST  BEL  2  swuch  to  MOTOR. 

b.  Set  MOTOR  VOtTS  7  switch  to  FULL  to  apply 
26  volta  to  the  motor  windings.  The  pointers  of  the 
ftefvoed  Indicator  under  test  should  move  in  a  clock- 
wise direction, 

4-IL   LOW  INERTTA  MarOR  FIXED  PHASE 
STARTING  VOLTAGE  TEST. 

:i.  Set  MOTOR  VOLTS  7  jtwUch  to  FXD  ^. 


K  Set  MOrrOR  VOLTS  VAR0  «  control  fdlly  clock- 
wise, 

:>lowly  rotate  FXDO  MOTOR  VOLTS  control  5 
clockwise  until  the  pointers  of  the  indicator  under 
test  heftln  to  move*  Monitor  the  fixed-phase  starts 
ing  voltage  at  VTVM  21,  22,  binding  posts  and 
compare  the  vulue  with  the  specification  value. 

4-12.   LOW  INERTIA  MOTOR  VARIABLE  PHASE 
STARTING  VOLTAGE  TEST. 

:i,  SM  MOTOR  VOLTS  VAR0  6  control  and  MOTOR 
V0LT5  FXD$5control  fully  counter  clockwise* 


b.  Set  MOTOR  VOLTS  7  switch  to  VARO  . 

c.  Set  MOTOR  VOLTS  FXDo  5  control  fully 
clockwise. 

d.  Slowly  move  MOTOR  VOLTS  6  control  clockwise 
until  the  pointer  of  the  Indicator  under  test  begins  to 
move.  Monitor  the  variable  phase  starting  voltage 
across  the  VTVM  21,  22  binding  posts.  Compare  the 
value  with  the  specification  requirement,  in  no  case 
should  the  starting  voltage  (fixed  or  variable  phase) 
exceed  200  mtthvolt^. 

e*  Set  POWER  17  switch  to  off  (down)  position. 

4-13  TltANSMimft  7157  PROCIDURt. 

a.  Disconnect  the  cable  from  the  transmilter  or 
differential  under  test  In  the  aircraft* 

b«  Connect  power  source  cable  QBIfQ032**l  to  the 
disconnected  aircraft  cable  and  to  the  POWEB-INP*  . 
10  connector  through  adapter  cable  QBSOOQS-l. 

c.  Connect  Autosyn  synchro  tsst  caDla  QBa49d8-l 
between  test  adapter  cable  QBSeOSO-l  and  the  unit 
under  test. 

d.  Set  the  TESTflELZ  witchtoTRAKS. 

e.  Set  the  POWER  17  switch  to  ON. 


g.  Turn  the  AMPL  GAIN  d  control  fully  clockwise* 
Allow  the  servo  amplifier  to  warm  up  for  at  least 
one  minute  before  proceeding* 

h.  Rotate  the  unit  under  tett  to  the  angles  specified 
for  that  unit  in  the  test  specifications  and  see  that 
the  Test  Set  indicator  shows  the  required  values. 

1,  On  completion  of  testj,  set  all  switches  to  their 
OFF  or  fully  counterclockwise  positions  and  remove 
connections  from  unit  tested. 

4-U.  DIFMRINTIAL  7157  PROCEDURI. 

When  the  Test  Set  Is  used  to  test  differential 
Autosyns  synchros,  use  the  procedure  described  in 
paragraph  4-13,  for  transmitters^  but  set  the 
TEST  SEL  2  switch  to  OIFF. 


^  f*  Check  power  supply  voltages  a*  described  in 
^   paragraph        step  f. 


REPRDDUCrtOt*  FOR  ATC  TRAINING  USE  ONLV.    DO  NOT  USE  ON  THE  JOB » 


27 


3-3.  INDIVIDUAL  TKST, 

3-4:  ELCOTmCAL  BREAKDOWN  TEST.  Apply  5 GO 
voltfi  ut  It  c*<inim«rclul  fr^uency  between  any  pJn  of 
(horlecUlcal  comi4ct()rrecepUcleandground(c;istlng) 
for  a  mtntmuin  ot  fJvQ  secnnds,  There  should  be  no 
(tiHulatton  breakdown.  If  (he  Instrument  does  not  pass 
thiste^tMnspccUor  defective  parts  ami  replace  them. 
Tyi>e  25100 -and  25200  indicators  shall  be  lested  lor 
electrlcfil  breakdown  with  an  applied  voltage  of  200 
volts  at  a  commerciil  frequency, 

CAUTION 

Do  not  perlorm  this  electrical  breakdown  test 
tn  the  5;tine  room  where  inflammable  fluids 
are  being  used. 

3-5.  CLCCTfUCAL  DAMPING  AND  ELECTHICAL 
ZQRO  TEST*  Furthepurixiseof  this  test  'mly^  tlje  In* 
dicator  beinft  tested  ntust  be  connected  to  a  sin^U  in* 
dlcator  with  the  gltkss  removed.  Do  not  use  the  Aoto- 
:*yn  prrrl!*ion  trnn?sm!ttrr  for  iUis  test*  The  power 
snurre  must  be  discotinedcd^  and  the  pointer  of  the 
sltif!ltimltratordlspl!icedI80detEreesfroin  the  pointer 
t>oHi1ion  of  the  Indtmtnr  being  tested.  The  pointer  of 
the  shtgte  JndirMnr  must  be  held  in  posittrtn  while  th« 
pciwer  Is  connected.  Tlie  cycle  must  be  repeated  a 
minimum  ol  three  times.  Impose  electrical  zero  on 
MthAutnsyns,  The  tip  of  the  pojnl^fMjihould  be  within 
0,01  inch  of  each  other  and  within  1^1  inch  of  the  in- 
dex  mark  or  tnp  center  graduation  of  the  dial*  If  the 
Indicator  fails  this  test*  check  the  electrical  sero  of 
both  Autnsyos  and  be  certain  that  both  pointers  are 
firmly  ftecured  to  their  shafts* 

3^6,  SCALE  ERROR  TKST^  Rotate  tlie  rotor  of  the 
Aut(»syn  precision  transmitter*  Eclipse-Ptoneer  type 
13695-I-A  (figure  2-15)*  so  as  to  bring:  its  pointer  to 
the  desired  Indication,  Two  readings  must  betalten: 
thrltrst  before  and  the  second  alter  the  Instrument  ts 
tnpt>ed*  TliQ  dllfercnce  between  the  first  and  second 
rcndinfTS  must  not  exceed  thu  Irictlon  tolerance  of 
l-t/2  degrees.  The  sroma  residing  must  not  exceed 
the  sralc  error  lolersinre  of  3/4  degrees*  If  the  Indi- 
cator fsiih  ihls  test,  check  for  pointer  drag.  It  friction 
isstiltpre^^cnt*  check  thr  ball  hearings  and  brush  ten* 
5ioo,  Kfplocc  the  Autosvn  If  friction  is  still  present, 

3*7.  POSITION  EHRORTEST*  Sot  the  Autosyn  preci- 
sion transmitter  at  mid-scale  and  lock  ttie  unit,  T;ike 
n  reading  with  the  Indicator  in  a  normal  horlsontal 
position*  This  ceading  should  not  differ  from  the 
rttndings  with  the  indicator  In  any  other  position  by 
more  than  the  tolerance  of  1/2  degree* 

3*8*  CALIBRATION  PROCEDURE.  With  the  Indicator 
connected  to  the  Antoi^yn  precision  transmitter*  the 
ln,slnjment  may  be  calibrated  as  loUows; 

a*  Rotate  the  knob  of  the  Autosyn  precision  trans- 
mitter to  the  minimum  range  point  of  the  t'*dicator 
being  tested*  See  the  tables  at  the  end  of  *  section 
lor  the  applicatile  dial* 

TIio  indicator  pointer*  being  tested*  should  move 
to  the  nitove  minimum  range  point, 

t\  Cor*'hiue  this  check  for  all  the  test  points  in  the 
applicable  tabic.  The  toJerance  for  this' calibration 
check  idthesame  as  the  tolert;nce  for  the  Scale  Error 
Test*  (See  paragraph  3-6*) 


d*  If  the  Autosyn  indicator  cannot  be  brought  tn  within 
the  required  tolerance,  determine  whether  or  not  the 
error  isofan  electrical  nature*  II  eo,  remove  tJte  Auto* 
syn  and  check  it  according  to  the  overhaul  procedure. 

TABLE  3-1  I 

FUEL  FLOW  /7 
RANGE!  300-3000  LB/VSi 


50-500  GAL/HR 


DIAL: 

A62-B7A 

CLOCKWISE  DECREES  m?'. 

LB/RR  X  100 

BOTTCM  CENT 

ER  LINE 

(Degrets) 

(Min) 

3 

39 

5 

59 

30 

10 

112 

35 

15 

les 

30 

E7 

leo 

0 

20 

217 

3'J 

as- 

2G& 

15 

30 

319 

30 

CLOCKWISE  DEGRE&S  FROM 

GAL/Kft 

BOTTOM  CENTEt^  LINE 

(Degrees) 

50 

38 

45 

100 

09 

15 

150 

100 

45 

200 

133 

0 

250 

164 

30 

300 

190 

0 

350 

225 

Q 

400 

254 

15 

450 

281 

15 

500 

316 

0 

TABLE  3-2 

FUEL  FLOW  J, 
RANGE;  lOO^lOOO 
DIAL<  A$4-B5B 


TEST  TRANS,  READING 

CL0CKW15£  FROM 

LBS/HR 

6  O'CLOCK 

100 

44 

0' 

150 

59 

53' 

200 

75 

45' 

250 

91 

22* 

300 

107 

0* 

350 

122 

45* 

400 

138 

36' 

450 

153 

30^ 

500 

166 

30* 

EZ 

180 

0' 

550 

184 

7* 

600 

199 

45* 

650 

214 

45* 

700 

229 

45* 

750 

244 

52* 

800 

260 

0* 

850 

274 

0* 

900 

266 

0* 

950 

303 

0* 

1000 

318 

0* 
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69'J 


$«ct{oo  10 


TABLE  3-15 


PRESSURE 


RANGE: 


0-10  PSt 


DIAL: 

A64-C3A,  -C3B 

P91 

TEST  TRANS.  READING 

0 

70  30* 

t 

40O  30' 

4 

730  30* 

6 

106O  30* 

6 

1390 

10 

17S0  30* 

tz 

0' 

TABLE  3-16 

PfteSSUAB 

RANGE: 

0*^0  PSI 

DIAL: 

A64-C4At  -C4B 

TEST  TRANS.  AEABWO 

CLOCK^VISe  DEGREES 

PSI 

FROM  6  O'CLOCK 

0 

70  30^ 

4 

400  3o» 

8 

730  3o» 

106°  30* 

16 

1390  3o» 

30 

1720 

EZ 

laoo  0^ 

TABLE  3-17 


OIL  PRESSURE 


RANGE: 


0-200  PSI 


DIALS: 


A391-A2A*  -A3B,  -A3C 


PSI 

TEST  TRANS.  READING 

0 

200 

50 

1000 

100  (EZ) 

laoo 

150 

2aoo 

200 

3400 

TABLE  3 -IB 


.tlANlPOLD  PRESSURE 


RANGE: 


10-75  IN.  HG 


DIAL: 

A391-AOA 

IN.  HG 

TEST  TRANS.  READING 

10 

70  30' 

20 

000  30* 

30 

1150  30* 

TABLE  3-lS(c<Hit} 


IN,  HG 

TEST  TRANS.  READING 

40 

1660 

EZ 

laoo  0^ 

90 

2190  45* 

60 

3736  45' 

70 

32  90  49* 

79 

3920  30* 

TABLE  3*iO 


FUEL  PRESSURE 


RANGE: 


0-1000  PSI 


DIAL; 


A25I-A37A 


PSIX  100 

TtSTTAAlO.  HeAOINO 

0 

2<fl 

14$* 

S(BZ) 

27B« 

10 

9400 

TABLS 


FUBL  ptteaaun 


RANGE: 


0-1000  PSt 


DUL: 


A3SI-A37B 


PSIX  100 

TEST  TRANS.  READING 

0 

22O  30* 

940  0* 

S90  30* 

1170  0* 

1460 

5{EZ) 

leoo  0* 

211O  30* 

2430  0* 

a 

274O  30* 

9 

3060  0* 

10 

3370  30* 

TABLE  3-20 


OIL  PRESSURE 


RANGE; 


0-100  PSI- 


DIALS:  A29I-A30A,  *A30B,  •A30C»-A30D, 

•A30E 


PSI 

TEST  TRANS.  READING 

0 

200 

20 

S40 

40 

14*0 

50  (£Z) 

1W> 

60 

2120 

80 

2760 

100  1 

3400 
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iBJWMWCriON  WR  ATQ  TIAININC  USB  ONW'. 


DO  HOT  V8S  OH  THE  JOB 


SECTION  m 
TEiT  PllOC£DUltC 


M.  GEKEML. 

WlmtvirtibtpffMiiM  indUmpirahMibii^ 
4r«  M  ipMUMt  it  iti0ttl4Uuptfmtoo4thitth#t«tti  trt 

MOTC 

Overhaul  p«mttfttlf  wvklaff  with  tMtoqftOp" 
mtnt  iMvli&f        etllhrittdlft  dtgTHi  te* 

^t.  SVKCHHO  TftAMUIXTEll  ASSMBLT, 

FHICTEOHTSST.  Ctwdc  iteMtoT  thtllof  th*  uoltfof 

I^SUlATl0H8]tEAIU)0Vir;<.  COQttMCA  10ft.volt#^ 

ulud  tha  tr«M.  Thtff  iboMt4  bt  ao  lafultftotthmkdom 
whto  ti;«  v«lt«Lf*  1>  niMd  ti  i  ril*  wnt  ifniirtlnc  f S  volta 
|p«r  Moohd  fiott  Mio  i»  m  volUf  bold  ti  thit  r««dlo|  fdf 
30  MOMdif  iftd  rrtttmd  to  mio  al  tht  uau  t«t«, 

X.  USSTAKCS.  ChMk  thtmtotM*^  «Mhwiadlaf 
^th#tttief,  BihottUnauunip^fttdaatetflojyub*- 

rtjtctlot.  M^fphiM  ctators  thottld  bm 
tuttoM  phM  mlMMi^ii  bvit  1»  fMMral^ 
Jmpiqpwiy  miichgd  phMt  rtvvUtuM  ivtil 
nseilt  U  o<dpK  voUtf*  totfottraoi— * 

ChMktwth*  mljtMOi  rfth»wiori»app»iri»t*»iyl» 
ohm 

>7,  BftVBH  COJfTACT,  COttMCt  i  WbMtMoo*  MdfV 
6foMtb»ro4«rlMdf,  DtMH  thMhft  ti  vttlibt*  flp#*d» 

FMdbMr*  ibOUia  Mt«ftM#<it^9lMW«   AllVf  IhtotMtf  M" 

itMbii  Ubi  oov«f  to  tto  ult  M  outUaod  lapaftgr^lw 
V  thfoufb  X,  wl  npMt  ibm  tMH^tngniphi  ^-1 1» 

GfPUT  CVIUirr.  UilAf  *vi«nim  tabtir«ltMMr« 
t  tOO'±0.t  ohmpiMtotairin^iMdL  ao^^adyodw  mUt" 
Off  ttd4400«;Of«U  pqiMf  Miirot  «dtb«Miiif  4f«»Uift 

tbt  unUi  M  iltfwi  to  ttfttrt  l-l.  Ad|wt  th»  taptttp^wtr 
MMTOi  until  tW  voltai*  «oc«tttlw  mtf  i»  «KMtl]pai  voUa. 
Cbaeic  ttat  cumatiMtba  rotor  «tedb«bgroMa«rti(:bat«lt* 
tttdyBpKmotholOO  "tt«  «»ti<o  r»»ioiOT>  ThovoUwlof 
twodifvoMd  bo  Ji^l  volio«  vUob  doMloo^O.K^wop 
otttfool  i»  fbo  tow  utedtof. 
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Toot  I#-Ut> 

3*^.  Elf  cntlCAL  ZEAO^  lt«UDt  tbt  synchro  tmtmiU^t 
horlmiUUy  ir  •  tulUblo  boldlog  flxturo  with  a  did  pUu 
otlihnUd  fxim  0  to  340  dtfroo*  coui»orelo«bvi»o.  Eloc* 
trlotUyiOfothoualt  bymoono  o(«i  tloeuioiljiotoloffttaiw 
fbra«r»  WlTiafoowcUOuftortblooportiloa  art  thowa  in 
ilfum  9-1,  Attaob  a  poiacar  to  tba  abaft,  malttaf  otitain 
tkat  tba  ^attttar  ia  aatctl/  on  tba  aoro  indiottioa. 


flfuo  M»  WlriBf  DlagraB«  Itaotriatl  Zarotftf 
tai*Mi 


3-10.  OUTPUT  VOLTAOr  WUb  tba  UDtt  mountod  1a  tlw 
OxturOf  aadtvottafroilf  mltaaovoaatfao  rotof»  obaelc  tba 
cpan  oAmit  <Hd^  voltafM^  Tbo  awcimw  opoft««lfcuit 
votttfO  Qoaittod  botwaat  toy  two  aooeodary  laadi  aball  ba 
IL%  ±0»3V»  Tba  vaartaiiOft  bitmaaa  tba  throo  aaatttuio 
aaooadary  voltataaooaayotta  ajAdbto  ahallaocaicoaodo* 

Ml*  KULLVOLTAOC.  Witbtba«lttaatt9M0utUDadiA 
partfraph  3-10»  tba  aull  vellafaa  motaurad  aorooa  tba  opaa 
oifotdt  atilof  laada  ahatl  ba  datamtaad  at  tha  aoflaa  Uacod 
1A  Uinta  3-3.  Tbo  viluaa  waaaufadahouidaotaKOaadlbo 
maxlBittauUv^ttfiaiadioatad.  Thta  tott  atevM  ba  por- 
tonad  aatof  a  vaowB  tM  vottmotor 


Otfpttt 

Polatar  Aagla 

Uaaimum  KuU 

CtBDOotioaa 

(CoaBtarolookwla  a) 

Volta 

81ti»*Blaolc 

130-300 

0.039 

fitaefe>*YaUow 

OO-MO 

0.033 

Bltto*Ydlow 

0-lBO 

0.033 

rifura^-l.  tMUVoUafoa 


CbMftd  30  jMMfT  xm  3-1 


T.  0.  5PW*1-73 


3<ctloii  IV 


THE  INSTItVCTIOK;»  COKTAINCD  IS  PRCCEDtNG  SECTIONS  OF 
THIf  TCCHNICAL  MANCAL  APPLV  CXCKPT  FOlt  THE  DtFFEK^ 
CNCES  LRTCD  IN  THIS  DATA  SHZIST. 


PwtNumUt  3T-4:t 

Raitfv  0  to  £00  pi| 

Dofr«Je  ot  Arc,  ,  V   320  dtgTCcrt 

OpvratinU  /9Uif»  ai*YOlt,  iOD-oycio** 

•toglt  phut 

£l«cldc3l  Comeiot   UtUeT$-149-ZP 

Matin^Pluii  HS1»T»*14S-2S 

£IvctrlcaI  ^tro  lOD  Ptl 

Oporotintf  AnbltQt  T«inp«rm* 

ur«iuui«   -wfto*iea*r 

Wtlcht  l,2Slbt 

Tl«iurt  t-'IA*  TiUt  or  U«dUi<  PACtl«tiUr« 

SPECIAL  TO0L5.  Hft  molil  t«oU  tMtUlr*^. 

TEST i;<}UIPMENT,  Sunti»TnMmttt«tf-^A<Ma2t00ft-a). 

OISAS$EMnLY.  Sun#  «e  TrftwmllUt  F*2A  (W2a00ft-2), 
oMi^'pt  JU4tttmbti  ttm  arbor  ommblx  m  foliowi  fjf^ 
ur^  t-*?): 

tWniovo  tho  UMr  pis  (1)  M«iinA|  tba  tnd  of  tlw  ^rbo"* 
to  bourdoA  tub«,  JUmov*  tip#r  ptn  (D  «nd  wtnct  Ijalc 
j4),  Romov€  Ui»  tdJuMMU  i«rt«f  (T)  by  uiiiOftwiiif  thi 
locking  tMriw  (5)  awl  two  Im  outi  (ttfrom  tht  to^mi  {D. 

CLCANINO.  fftmoi#TfWl«iiatUrF*UaCfJi00^3>. 

iN8p£CTioK#  !•»•  w  Tmuiftittor  f*3A  (imum^h 

TESTING  (ditrtn^  OMrluttD.  S«bo  is  TraaittiUor  F-aA 
liSPAtRORJtSPLACEJICHt.  StAo IS Traaamtttar  F*2A 
REASSEMBLY.  Suaa  aa  TratlinUttar  f-2A  {MSJtOOft-3)^ 


axotpt  ia*«mbic  tho  arbor  oa  follow*  (aot  Hfure 

RapUco  tha  •djuatmcat  MsrtHf  (7J  tn  tha  ccinMat  tb) 
AJi4  faataa  with  tha  Lockjaf  Korcw  {3)  and  t««  hax  nuta  (t) 
AtUchtbaLfdk<4)wtthoUparpto(^.  Attach  tkr  arbor  a«- 
•arabtx  to  tba  bourdon  tuba  wUh  o  upar  plo  (3)^ 

TEST  PAOCEDURE  {altar  ovtrbavD,  Sana  aa  Tm«mltiar 
F-U  (MS2aoo3*Z)^  aacapt  fbrtho  fotlowMiii 

A*  SCALE  CAROft  TEST»  Tha  toJoraaco  mitit  bcr  wtthtn 
tho  llmUa  tivania  (Unira  Thio  Uac  bo  oowblaod 
with  tho  acato  orror  taaL 

b.  FRICTia'f  TEST.  Taat  tha  trtnomUtor  far  frlctfon  at 
tho  proiiuro  ttotad  ia  flfura  4-14,  hf  r«»dl«if  it  bafonr  and 
oftorUpplfliit  Ufhtly,  Tha  raadti9«»tali«»balSAro  awl  aftar 
tipplAf  ohall  not  dKforby  mora  Um  t3,0  paJ^  ar«, 
Thiw  tait  oaa  ba  moda  tn  ooatuaottotfi  with  tba  oca^?  orr»r 
taat 

NOTE 

OvorbMul  ^n^thti  warktai  wJtb  oqulpmafit 
having  duio  eallbratad  In  d«<rMo  tnataid  of 
poundawiJJ  f4ad  tha  «4ulvalaflCtv«d(aialtstad 
Jo  naura  4-14, 


PnoAura 

Tolaraneo 

«>aJ> 

{±p#D 

0 

» 

3,0 

4.$ 

50 

100 

3,0 

4.1 

100  <EZ) 

110 

4.0 

<,4 

150 

2iO 

4,0 

«,4 

m 

340 

1,0 

$.4 

Flfttra4*14.  Scala  Errora  and  OagrfO  C^ufvakata 
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4^13/4*14 


PROGRAMMED  TEXT 


3ABR32531-PT-^203 


Technical  Training 


Avionics  Instrument  Systems  Specialist 


CHANUTE  TECHNICAL  TRAINING  CENTER  (ATC) 
3360  Technical  Training  Group 
Chanute  Air  Force  Base,  Illinois 


Designed  for  ATC  Course  Use/ 
Do  Not  Use  on  the  Job. 


TACHOMETER  SYSTEMS 


16  March  1979 


703 


U3 

Flight  Tng  Devices/Inscrumtinc  Branch 
Chanuce  Air  Force  Base»  Illinois 


3ABR32531-PT-203 


OBJECTIVES 

Without  reference*  identify  tacts  pertaining  to  the  operation 
of  tachometer  systems* 

INSTRUCTIONS 

this  programmed  text  presents  information  in  small  steps  called 
"frames."    After  reading  the  information  in  each  frame»  you  are  af^ked  to 
actively  respond  to  th^  statements  at  the  end  of  that  frame.    Check  your 
responses  for  accuracy  with  the  correct  answers  that  are  given  after 
Che  following  frame^    If  you  make  an  incorrect  response^  reread  the 
frame  until  you  determine  why  you  were  in  error  before  proceeding  to 
the  next  frame^ 


Supersedes  3ABR32531-PT-203 ,  3ABR32632B-PT-303,  19  May  1977. 
OPR:    3360  TCHTG 
DISTRIBUTION:  X 

3360  TCHTG/TTGU-F  -  COO;  TTVSA  -  1 


Frame  1 


It  was  recognized  during  the  early  stages  of  aircraft  development  . 
that  the  engine  revolutions  per  minute  Crpm)  should  be  known  by  the  pilot 
at  all  times*    The  tachometer  system  was  developed  to  Indicate  this  very 
Important  Information*    The  tachometer  dial  Is  a  counting  device  that  Is 
graduated  to  Indicate  the  engine  speed  in  revolutions  per  minute  (rpm) 
for  reciprocating  engines  and  in  percent  of  rpm  for  jet  and  turboprop 
engines*    See  figure  1  for  the  Indicator  for  reciprocating  engines  and 
figure  2  for  the  indicator  uaed  for  jet  engines* 


Refer  to  the  indicators  above  and  circle  the  letters  of  the  correct 
responses  to  the  following  statements. 

I*     The  tachometer  indicator  shown  on  the  left  is  graduated  in  rpm  from 

a,  5  to  40  rpm, 

b,  50  to  400  rpm. 

c,  500  to  4,000  rpm, 

d,  5,000  to  40,000  rpm, 

2*      The  tachometer  indicator  shown  on  the  right  is  graduated  in 

a,  0-100  revolutions  per  minute* 

b*  0-100  percent  of  revolutions  per  minute, 

c,  0-100  revolutions  per  hour, 

d,  0^X00  percent  of  revolutions  per  hour* 


Figure  1* 


Figure  2* 


Frame  1  (Cont'd) 

3-      The  tachometer  indicator  shown  on  the  left  Is  used  on 

a,  jet  aircraft, 

b,  reciprocating  aircraft- 

c,  turboprop  aircraft. 

4p     The  tachometer  indicator  shown  on  the  right  is  used  on 

a,  jet  aircraft, 

b,  reciprocating  aircraft. 

c,  turboprop  aircraft. 


Frame  2 


The  tachometer  system  contains  an  engine  driven^  three  phase  AC 
generator  mounted  on  the  engine  accessory  section  and  a  motor  driven 
indicator  mounted  in  the  pilot's  instrument  panel.    The  illustration 
belov  shows  where  the  units  are  mounted  and  how  they  are  connected  to 
each  other.    See  figure  3  below. 


£nojn£  Accfssotr  scction 


Figure  3. 

Circle  the  letter  of  the  correct  response  to  the  following  statement. 
I.     The  generator  is  connected  to  the  tachometer  indicator  by 

a.  two  electrical  wires. 

b.  three  electrical  wires. 

c.  two  electrical  vires  and  a  flexible  shaft. 

d.  a  flexible  shaft  and  a  shielded  wire. 


Answers  to  Frame  1:     1.    c      2.    b       3.    b       4.    a  &  c 


Frame  3 


The  tachometer  generator  consists  of  a  wo  pole  or  a  four  pole 
permanent  magnet  rotor»  drive  shafts  three  phase  wye  vound  stator^ 
electrical  connector^  and  an  oil  seal.    The  Illustration  In  figure  4 
below  shows  a  cutaway  view  of  the  tachometer  generator.    The  permanent 
magnet  rotor  (1)  rotates  Inside  the  stator  (3)  as  the  drive  shaft  (2) 
is  driven  by  the  engine.    The  oil  seal  (5)  fits  around  the  drive  shaft 
to  keep  oil  from  getting  Into  the  rotor  and  stator  housing.  The 
electrical  connector  (4)  Is  used  to  connect  the  generator  to  the 
indicator  by  electrical  wlrtnR,    See  figure  4, 


4 


1,  Magnet  (Rotor) 

2,  Drive  Shaft 

3,  Stator 

4,  Electrical  Connector  Receptacle 

5,  Oil  Seal 

Figure  4, 
NO  RESPONSE  REQUIRED k^,. 

f  Jo 

Msver  to  Frame  2;     1,  b 


6 


Frame  4 


There  are  two  types  of  tachometer  generators  used  on  aircraft  engines* 
They  are  the  two  pole  and  the  four  pole  generators.    The  two  pole  type  is 
normally  used  on  jet  aircraft  engines.    The  two  pole  generator  has  only 
two  pins  In  the  electrical  connector  because  one  phase  of  the  signal  is 
internally  grounded  to  the  case.    The  illustration  in  figure  5a  below  shcTWs 
the  schematic  of  the  two  pole  system.    The  four  pole  generator  is  used  on 
reciprocating  engines  and  has  three  pins  in  the  electrical  connector  as 
there  is  no  internal  grounding.    The  illustration  in  figure  5b  below 
shows  the  schematic  of  the  four  pole  system. 

TWO  POLE  SYSTEM  FOUR  POLE  SYSTEM 


Figure  5a,  Figure  5b. 

Using  the  above  illustrations,  circle  the  letter  of  the  correct 
response  to  the  following  statement* 

1*      The  schematic  of  the  two  pole  tachometer  system  contains 

a.  two  wires  only. 

b.  three  wires  only* 

c.  two  wires  and  a  ground* 

d.  three  wires  and  a  ground. 


Answer  to  Frame  3:    NO  RESPONSE  REQUIRED 


Frame  5 


The  generator  uses  either  two  or  four  pole  rotors.    You  can  see  from 
figure  6  that  the  rotors  are  similar  in  construction  and  identical  in 
appearance.    The  only  difference  between  the  two  pole  and  the  four  pole 
is  that  they  are  magnetized  differently.    Note  the  arrangement  of  the 
poles  In  figure  6  belaw« 

TWO  POLE  ROTOR  FOUR  POLE  ROTOR 


Figure  6* 

Using  figure  6  above»  circle  the  letter  of  the  correct  response 
to  the  following  statement* 

1«    ^The  magnet  of  the  two  pole  generator  differs  from  the  four  pole 
generator  in  that  the  North  poles  are 

a.  opposite  each  other  in  the  two  pole  generator, 

b.  next  to  each  other  In  the  four  pole  generator* 

c.  opposite  the  south  poles  in  the  two  pole  generator^ 
d«  next  to  each  other  in  the  two  pole  generator« 


Answer  to  Frame  4:     1*  c 
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Frame  6 

The  two  pole  magnet  rotor  Is  magnetized  so  that  the  effective  magpetlc 
poles  are  ISO"  apart*    The  four  pole  magnet  rotor  Is  magnetized  so  that  the 
effective  magnetic  poles  are  9^  apart*    The  drawings  In  figure  7  below 
show  the  two  types  of  rotors*    Notice  the  concentration  of  the  flux  lines 
around  the  poles  of  both  magnets, 

TWO  POIE  POUR  POLE 


Figure  7, 

Circle  the  letter  of  the  correct  response  to  the  following  statement* 
1*      The  two  pole  magnet  differs  from  the  four  pole  magnet  In  that  there  are 

a,  two  effective  magrietlc  fields  In  the  four  pole  magnet, 

b,  four  effective  magnetic  fields  in  the  four  pole  magnet, 

c,  two  effective  magnetic  fields  In  the  two  pole  magnet. 


Answers  to  Frame  3;     1,    c  &  d 
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Frame  7 

The  drive  shaft  of  the  generator  fits  Into  the  tachometer  drive 
the  engine.    This  drive  turns  at  a  speed  proportionate  to  that  of  the 
crankshaft . 


NO  R15;SP01ISE  REQUIItED 


Answers  to  Frame  6:     1.    b  &  c 
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Frame  8 


The  stator  of  the  generator  consists  of  a  steel  ring  (1)  which  holds 
a  metal  laminated  core  (2),    Around  this  core  is  placed  a  three  phase  wye 
connected  winding  (3)*    The  permaneac  rotor  (4)  turns  inside  the  stator 
and  Induces  a  variable  three  phase  AC  voltage  of  variable  frequency.  See 
figure  8  below.    The  voltage  and  frequency  of  this  generator  varies  with 
the  speed  of  the  rotor. 


1 


Figure  8 

Circle  the  letter  of  the  correct  response  to  the  following  statements* 

1,     Variable  voltage  is  induced  Into  the  stator  windings  by  the 

a,      rotor  turning  inside  the  3-*phaBe  wye-connected  stator, 
.  bt      rotor  turning  inside  the  3-phase  delta^-connected  stator, 
Ct     three-phase  wye  connected  stator  turning  around  the  rotor, 
d,      rotor  turning  in  one  direction  and  the  3-phase  vye«connected 
stator  turning  in  the  other  direction* 


11 


6W 

Frame  8  (ContM) 

2*     The  variable  frequency  output  of  the  generator  is  determined  by  the 

a*  number  of  windings* 

b*  size  of  the  windings* 

c*  strength  of  the  magpetic  field* 

d*  speed  of  the  rotor* 


Answer  to  ?raaie  7  s    NO  RESPONSE  REQtJIBED 
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Frame  9 


ThA. variable  voltage  and  frequency  from  the  generator  are  connected 
through  electrical  wiring  to  the  synchronous  utotor  of  the  tachometer 
Indicator,    The  synchrcnouo  motor  Is  made  up  of  three  prxts;  a  permanent 
magnet  rotor^  3-phase  wye  wound  stator*  and  a  hysteresis  disk.  The 
purpose  of  the  permanent  magnet  rotor  Is  to  provide  starting  and  running 
torque  for  the  motor  during  low  frequency  (rpm)  when  the  strength  of  the 
rotating  field  Is  low.    The  rotor  Is  mounted  loosely  on  the  shaft  so 
that  It  Is  free  to  rotate  almost^^e-^cooplete  revolution  without  moving 
the  rotor  shaft.    At  the  and  ^of  Its  free  rotation^  It  engages  a  hairspring 
through  which  It  transmits  a/torque  to  the  rotor  shaft.    This  arrangement 
allows  the  rotor  to  synchronise  with  the  rotating  field  before  the  shaft 
plcka  up  any  load*    See  the  Illustration  In  figure  9  below. 


Figure  9, 

Circle  the  letter  of  the  correct  response  to  the  following  statements. 

1,     The  purpose  of  the  permanent  magnet  rotor  la  to  provide  starting 
and  runnlug  torque  for  motor  operation  during  ;  - 

a,  high  frequencies  and  low  rpm, 

B,  low  frequencies  and  high  rpm, 

c,  high  fr'squendes  and  high  rpm, 

d,  low  frequencies  and  low  rpm. 


Trame  9  CContM} 


2.     The  hairspring  starts  the 

a«     permanent  magnet  rotor  to  rotate, 

b,  hysteresis  disk  to  rotate, 

c.  rotor  shaft  to  rotate. 


Answers  to  Frame  8:      1,    a  2, 


^  1 
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Frame  10 


The  purpose  of  Che  hysteresis  disk  is  to  pra^rlde  starting  (additional) 
torque  when  the  engine  speed  la  being  changed  from  a  fairly  high  rpm  to 
some  other  setting.    At  this  time  the  magnitude  of  the  flux  Is  high  but 
the  permanent  magnet  by  Itself  will  not  pull  the  rotor  Into  synchronization. 
At  higher  generator  speeds*  the  hysteresis  disk  moves  the  rotor  up  to  near 
synchronization.    Then  the  permanent  magnet  pulls  the  rotor  into  exact 
synchronization.    The  hysteresis  disk  also  aids  in  stabilizing  the  rotor 
during  quick  frequency  (rpm)  changes  and  prevents  pointer  oscillation. 
See  figure  10  below. 


Figure  10. 

Using  figure  10  above »  circle  the  letter  of  the  correct  response 
to  the  following  statement. 

1.     The  purpose  of  the  hysteresis  disk  Is  to  provide  starting  torque  at 

a.  high  frequencies  and  low  rpm. 

b.  low  frequencies  and  high  rpm. 

c.  high  frequencies  and  high  rpm. 

d.  low  frequencies  and  low  rpm. 


Answers  to  Frame  9:      1.    d       2.  c 
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Frame  11 


The  next  portion  of  the  tachometer  indicator  is  the  magnetic  drag 
assembly  which  consists  of  two  plates,  each  vith  six  magnets  attached  to 
them.    These  plates  are  bolted  together  so  that  the  small  magnets  on 
each  plate  face  each  other  across  an  air  gap.    See  figure  11  helow.  In 
each  case»  opposite  poles  of  the  magnets  face  each  pther.    The  distance 
between  the  pxates  can  he  varieil  hy  increasing  or  decreasing  the  air 
gap  which  adjusts  for  hi^  or  low  reading. 

Note:    These  adjustments  can  only  be  made  at  DEPOT  level  maintenance. 


Figure  11. 

Circle  the  letter  of  the  correct  response  to  the  following  statement. 
1.     To  adjust  for  a  high  or  low  tachometer  reading,  the 

a.  coil  spring  would  he  adjusted. 

b.  air  gap  would  be  adjusted. 

c.  hairspring  would  he  adjusted. 

d.  speed  of  the  engine  would  be  adjusted. 


Answer  to  Frame  10:     1.  c 
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Frame  12 


Placed  In  the  air  gap  between  the  magnets  is  a  drag  disk  made  of 
aliimlnum*    This  disk  Is  connected  to  the  pointer  shaft  either  directly  or 
through  gears*    Eddy  currents  set  up  In  the  drag  assembly  will  attract 
and  turn  the  drag  disk.    A  coll  spring  oppoieB  the  turning  of  the  disk. 
If  It  was  not  for  the  coll  spring  fastened  :o  the  pointer  shaft  (see 
figure  12  below),  the  drag  disk  would  spin  along  with  the  magnets. 
However  y  the  spring  does  oppose  the  turning  of  the  disk  so  that  the 
dld)c  will  only  turn  until  the  opposition  of  the  spring  Is  equal  to 
the  torque  produced  by  the  magnetic  field*    This  will  stop  the  disk 
and  pointer  from  turning  and  Indicate  the  rpm  of  the  engine. 


Figure  12. 

Circle  the  letter  of  the  correct  response  to  the  following  statements. 

1.  The  purpose  of  the  coll  spring  Is  to 

a.  aid  the  torque  produced  by  the  magnetic  field. 

b.  oppose  the  torque  produced  by  the  magnetic  fi^ld. 

c.  aid  the  pointer  in  turning  as  rpm  changes. 

d*     hold  the  pointer  steady  when  spring  tension  and  torque  are  unequal* 

2.  The  drag  dldk  in  the  tachometer  indicator  is  turned  by 

a.  magnets , 

b*  gear  train. 

c.  eddy  currents* 

d*  mechanical  linkage* 


Answer  to  Frame  11:     1*  b 


Fraine  13 


When  the  rpm  of  the  engine  increases »  ^  chain  of  events  takes  place, 
The  voltage  and  frequency  of  the  generator  increases »  thereby  increasing 
the  speed  of  the  synchronous  motor  of  the  indicator*  This  will  increase 
the  speed  of  the  magnets  in  the  drag  assembly  (see  figure  13  belov)  thus 
causing  the  drag  disic  to  move  until  it  is  balanced  by  the  tension  of  the 
coll  spring*  Ihese  same  events  take  place  as  the  speed  decreases »  but 
in  the  opposite  direction*  Since  the  rpm  of  the  indicator  lootor  depends 
more  on  the  frequency  of  the  generator  than  on  the  voltage  output  of  the 
generator^  this  Is  called  a  frequency  sensitive  system* 


Figure  13* 

Circle  the  letter  of  the  correct  response  to  the  following  statements* 

1*      As  the  speed  of  the  tachometer  generator  increases »  the  voltage  output 

a*  increases  and  frequency  decreases* 

b*  decreases  and  frequency  increases* 

c*  increases  and  frequency  increases* 

d*  decreases  and  frequency  decreases* 

2.      The  synchronous  motor  speed  Increases  when  the  generator  speed 
increases  due  to  the  frequency 

a*      staying  the  same*  \ 
b*      increasing*  ^ 
c*  decreasing* 

Answers  to  Frame  12:      1*    b       2*  c 
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Frame  14 


700 


While  most  jet  engines  need  only  one  tachometer  indicating  system*  some 
jet  aircraft  have  two  conqiressor  shafts  which  require  monitoring*    Since  one 
of  Che  compressors  is  a  low  spesd  and  the  other  is  a  high  sp^ed  compressor* 
two  tachometer  systems  are  needed.    Whenever  two  systems  are  used*  the  lew 
speed  system  will  be  designated  the  H-*l  system  and  the  high  speed  will  be 
the  N-'2  system.    The  N-^l  overspeed  indicating  system  shows  the  pilot  when 
the  low  speed  compressor  has  e::ceeded  its  maximum  speed  in  revolutions 
per  minute  (rpm)*    The  N-2  tachometer  system  will  monitor  the  high  speed 
compressor  which  we  have  already  discussed.    See  cutaway  of  engine  below 
for  location  of  N-1  and  N^2  systems* 


Circle  the  letter  of  the  correct  response  to  the  following  statements, 

1,  The  H-*2  tachometer  indicating  system. shows  the  speed  of  the 

a,  high  speed  compressor, 

b,  low  speed  compressor, 

c,  aircraft  propellers. 

2.  When  more  Chan  one  tachometer  indicating  system  is  needed;  the  low 
speed  compressor  tachometer  is  called  the 

a,  N-1  system. 

b,  N'"2  system. 

c,  T-1  system, 
d*  T-*2  system* 


Answers  to  Frame  13:     1*    c       2.  b 


Mose  Cone 


N-2  System 


Figure  14, 


net 

Frame  15 


The        overspeed  system  consists  of  a  tachomecer  generator  Identical 
CO  the  one  discussed  previously  in  this  text.    In  addition^  the  system 
contains  an  tf*l  overspeed  converter  and^an  engine  overspeed  caution  lamp 
which  replaces  the  indicator  for  the  system.    The  pilot  sees  only  a  go/no 
go  warning  ot  H-1  overspeed  trouble.    Study  figure  15  on  the  next  page  to 
determine  the  relationship  of  the  ff"l  overspeed  system  components. 

Using  figure  15^  mark  the  following  statements  as  True  (T)  or  False  (F). 

 1.    The  W--1  tachometer  generator  is  located  under  the  engine  nose  cone. 


2.    The        overspeed  system  needs  28V  DC  to  power  the  converter 
and  caution  lamp. 

3..    The  minimum  speed  switch  is  closed  at  10^500  rpm. 


Answers  to  Frame  14:     1.    a-  "2.-  a 
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Hi  OVBRSPBED  COHVBRTEft 


K    Sy«t««  •howo  !•  td«nttc»l  for  both 

ihtch  ti  miii«ttt#d  to  th#  coiiv«rt«r 
aft  ft  frtqutncr  algnal^ 


wh«n  Hi  rotor  »p««d  Is  b«low  »PP™* 
iStel}  2360  rpm.    th.  oy#r»Pf  d  awttch 
li  clott«d  wh«5  Ki  rotor  <P««d  !•  abovt 
approximately  10,500  rpa. 


STATOR  ASSEMBLY  ^ 
ROTOIt  AdSQtBLY 


Hi  tachowstct 
||6uht1hg  pao 


Under  Engine 
Hose  Cone 


Figure  15* 
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Fraiae  16 


When  the  ff^l  compressor  turns »  the  generator  produces  a  variable 
frequency  output  which  is  applied  t;o  the  N-1  overspeed  converter.  When 
the  frequency  in  the  N-1  compressor  exceeds  10»500  rpm»  the  overspeed 
switch  closes  and  the  engine  overspeed  lamp  Illuminates.    A  minimum 
speed  switch  is  included  in  the  N-^l  overspeed  converter.    This  switch 
stays  closed  until  the  engine  gets  above  2»360  rpm  to  self-test  the 
engine  overspeed  lamp  circuit  for  proper  operation. 

Circle  the  letter  of  the  correct  response  to  the  foXlowing  statements. 

1.  A  variable  frequency  signal  is  produced  by  the 

a.  tachometer  indicator. 

b.  engine  overspeed  converter. 

c.  tachometer  generator. 

2.  The  function  of  the  minimum  speed  switch  in  the  H-1  overspeed 
system  is  for 

a.  operational  checking. 

b.  self'^testing. 

c.  dead  weight  testing. 

Answers  to  Frame  15;        T   1.        T     2.  F  3. 


Answers  to  Frame  16:     1.    c       2.  b 

Now  that  you  have  answered,  the  questions  in  Frame  16»  go  back  to 
the  beginning  of  the  PT  and  read  the  objective  again.    Hake  sure  that  you 
understand  the  objective. 
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Part  1.  INSPECTION 

1*     Visually  Inspect  the  tachometer  generator  for  condition  and 
place  a  check  on  the  proper  blank  In  your  response  book* 

SAT  tmSAT 

a#      Cracked  or  broken  case*     

b#     Cracked  or  broken  mounting  flange ♦     

c#     Bent  or  broken  drive  shaft.     

d.     Damaged  electrical  connector.     

e#      Bent  or  broken  plna*     


2.     Visually  inspect  the  tachometer  Indicator  for: 
a.     Loose  or  cracked  glass.  _ 
b*     Dial  and  pointers  for  condition 


of  paints 


c#     Cracked  or  dented  case*     

d.     Damaged  electrical  connector  plug*  _____ 

e#     Beat  or  broken  pins     

Part  2*    OPERATIONAL  CHECK 

1.    ^  Refer  to  section  IV,  paragraphs  4-1  through  4-4b  of  the 
EXTRACT  from  TO  33D2-6-102-1  for  the  operating  Instructions  to  connect 
tachometer  generator  to  tl;a"TEST  SET* 

1*      Refer  to  paragraph  8e  of  EXTRACT  TO  5E5-3-3-33  and  to 
paragraphs  4-5  through  4-6f  of  EXTRACT  TO  33D2-6"102-1#    Perform  the 
maximum  voltage  test  on  the  tachometer  generator  and  enter  the  results 
In  your  response  book* 

Phase  Voltage  Satisfactory  Unsatisfactory 

A  -  B      

A  -  C       

B  -  C    
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3*     Refer  to  paragraph  8e  of  EXTRACT  TO  5E5- 3-3-33  and  perforin 

the  mlnlntum  voltage  test  on  the  tachometer  generator*.  Enter  the 
results  In  your  response  book* 

A  -  B      

A  -  C      

B  -  C      ^  

a.     Remove  test  generator  and  lead  from  tester* 
Part  3.    TItOUBLESHOOTING  TEE  WIRING  HARNESS 
1*     Place  tachometer  generator  on  tester* 

2*     Using  the  SPECIAli  HARNESS ,  connect  the  tachomet'^.r  generator 
to  the  tachometer  Indicator*    (Remove  tachometer  Indicator  from  engine 
Instrument  trainer*) 

3*     Place  the  tester  power  switch  to  the  ON  position* 

Note:    Let  tester  warm  up  for  iq;>proxlmately  one  minute* 

4*     Place  switch  #11  to  master  generator  position* 

5*     Place  toggle  gwrltch  on  special  harness  to  "OK*" 

6*     Turn  power  drive  knob  #9  to  Increase  speed  to  2,000  RPM* 
Check  the  proper  blank  In  your  response  book* 

a*     Tachometer  Indicator  shows  an  Increase  in  rpm  , 

shows  a  decrease  In  rpm  ,  shows  NO  change  ^In  rpm  , 

b*     The  tachometer  system  Is  satisfactory  , 

unsatisfactory  __^* 

7*     Tum*popwer  drive  knob  "9"  to  OFF  position* 

8*     Place  toggle  switch  on  special  harness  to  "OFF*** 

9*     Turn  power  drive  knob  "9"  to  Increase  speed  to  2>000  RPM* 

a*     Tachometer  Indicator  shows  an  Increase  In  speed  , 

shows  a  decrease  In  speed  ,  shows  KO  change  In  speed  * 

b*     Tachometer  system  Is  satisfactory  ,  unsatisfactory 

_* 

10,  Place  power  drive  knob  "9"  to  OFF  position* 

11.  Let  tester  percent  and  RPM  Indicators  come  to  ZERO* 
12*     Place  tester  power  switch  to  OFF  position* 

13*     Disconnect  special  harness  from  Indicator  and  generator* 


14.  Use  multimeter  to  find  trouble  in  special  harness.  Circle  lot 
the  letter  of  the  correct  answer. 


a.  b  to  b  is  CFEN. 

b.  a  to  a  is  0?£H. 

c.  c  to  c  is  OPEH. 

d.  a  is  SHORTED  to  b. 


Ind. 


SPECIAL  HARNESS 


Part  4.    BENCH  CHECK 

1.     Remove  the  tachometer  generator  from  the  tester  and  referring 
to  paragraph  8c  of  EXTRACT  TO  5E5-3-3-33»  perform  a  resistance  check  on 
the  generator.    Enter  the  resistance  and  check  the  proper  blanks  in 
your  rcsp;:inse  book. 


Phase 
A  -  B 
A  -  C 
B  "  C 


Ohms 


Satisfactory  Unsatisfactory 


2.      Refer  to  paragraph  48a,  b  and  c  of  EXTRACT  TO  33D2-6-102-1 
and  connect  tachometer  indicator  to  tester. 

a..     Refer  to  paragraph  3-13a  (Table  V)  of  EXTRACT 
TO  5E6-2-20-23  and  paragraph  4-8d  of  EXTRACT  TO  33D2-6-102-1.  Using 
the  tester  as  the  EQUIVALENT  Master  Generator*  perform  the  calibration 
(scale  error)  check. 


b.     Hold  the  indicator  in  the  normal  (level)  position  and 
tap  it  lightly  fox  each  reading. 


c.      Record  the  indicator  readings  and  enter  the  proper 
respomse  in  the  chart  in  your  response  book. 

SCALE  ERROR  TEST 


Gen.  Freq. 

Ind.  Reading 

Indicator 

Tolerance 

SAT 

UN  SAT 

RPM  (CPM) 

FercenC  RPM 

Reading 

Percent  RFM 

0 

0 

0.50 

200 

4.8 

0.50 

400 

9.5 

0.50 

800 

19.1 

0.50 

1600 

38.1 

0.80 

2400 

57.1 

0.80 

3400 

81.0 

0.50 

3600 

85.7 

0.50 

3800 

90.5 

0.50 

4000 

95.2 

0.50 

4200 

100.0 

0.50 

Indicator  scale  error  is  satisfactory 
Unsatisfactory  ♦ 

3*      Referring  to  paragraph  3-13b  and  Table  VI  of  EXTRACT 
TO  5E6-2-20-23,  perform  the  friction  error  check*    Make  the  proper 
entries  in  the  chart  in  your  response  book* 


FRICTION  ERROR  TEST 


Ind.  Reading 
Percent  RHl 

Allowable  Friction 
Percent  RPM 

Before 
Tap 

After 
Tap 

SAT 

UNSAT 

5 

1,5 

20 

0.8 

40 

0,5 

70 

0,3 

85 

0,3 

100 

0,3 

a*     The  indicator  friction  error  test  is  satisfactory 
unsatisfactory   * 


4,     Refer  to  paragraph  13c  of  EXTRACT  TO  5E6-3-20-23*  Perform^ 
the  oscillation  check  by  gradually  increasing  rpm  from  0  to  110%  rpm 
and  watching  the  large  pointer*    Enter  the  results  in  the  chart  in 
your  response  book* 


OSCILLATION  TEST 


Indicator  Reading 

Oscillation 

SAT 

UNSAT 

Up  to  20  percent  RPM 

0*5  percent  RPM 

20  to  110  percent  RPM 

0*3  percent  RPM 

a*     The  indicator  oscillation  test  is  satisfactory 
unsatisfactory   * 


5*      Refer  to  paragraph  3-lAb  of  EXTRACT  TO  5E6-3-20-23  and 
perform  the  position  error  check  on  the  tachometer  indicator* 

a*      Start  with  the  tachometer  indicator  in  the  FLIGHT 
(level)  position*    Rotate  the  indicator  to  the  positions  specified 
in  the  TO  to  simulate  these  flight  attitudes*    Record  the  results  in 
your  response  book* 


POSITION  ERROR  TEST 
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Indxcator  neaaing 
at  100% 

Tolerance 

SAT 

UKSAT 

15°  OP 

0.30 

15°  to  the  right 

0.30 

15°  to  the  left 

0.30 

15°  DOWN 

0,30 

The  indicator  poalclon  error  test  la  satisfactory 
unsatisfactory  * 


6,     Perform  the  starting  check  on  the  tachometer  Indicator  as 
follows:    READ  paragraph  3-16b  of  EXTRACT  TO  5E6-2-20-23,  Calibrate 
the  teater  to  the  required  starting  voltage  by  following  the  procedures 
In  paragraphs  4-9b  through  d  of  EXTRACT  TO  33D2-6-102-1,    Advance  the 
INCREASE  SPEED  control  slwly  until  the  large  and  small  Indicator 
pointers  first  synchronize  (both  Indicate  the  same  %  rprn).  Then 
check  the  rpm  counter  on  the  tester.    Make  the  proper  entries  In  your 
response  book, 

a.     The  speed  at  which  the  indicator  BEGAN  TO  OPERATE  IS 
 RPM. 


b.     The  starting  test  is  satisfactory  ,  unsatisfactory 


7,  Tum  the  power  drive  knob  if9  to  the  OFF  position. 

8,  Allow  the  counters  to  return  to  ZERO* 

9f  Place  the  tester  power  switch  to  the  OFF  position. 

10.  Disconnect  tester  cables  and  place  in  their  appropriate 
place  * 

11.  Place  the  multimeter  to  the  SAFETY  L  position  (function 
switch  to  DC  volts,  range  switch  fully  clockwise)* 

12.  Remove  leads  and  return  ALL  equipment  to  their  proper  places* 

13*  Replace  indicator  back  in  the  panel  on  engine  Instrument 
trainer, 

14.  Have  instri"  'lor  check  your  workbook  responses  for  accuracy. 
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0Ttl6r  of  dieaBtembly^  Rewr  to  the  vJiploded  view  for 
retatiTe  poalUoning  of  components^ 

b.  Afltecnbte  the  oil  aeai  (28)  1&  the  outer  recent  of 
the  nange  end  bell  lAsembly  (13)  so  fbat  wiping  edge 
of  the  leal  18  facl&K  fbe  drive  end  of  fbe  rotor  shaft. 

c.  Replace  the  two  ball  bearings  (14)  as  a  complete 
set  <b^  cage  assembly.  Inner  aodotiter  races^ 
Place  the  outer  race  In  fb^  end  bell  bearing  recesses 
with  the  thin  wall  facing  toward  the  rotor* 

d»  Assemble  each  of  the  two  bearing  retainers  (24) 
on  the  rotor  subassembly  (16  or  20)  so  that  the  curved 
surface  faces  the  bearings 

e.  Press  Ihe  two  Inner  races  on  the  rotor  shaft  until 
fully  seated* 

NOTE 

Before  pressing  the  Inner  race  on  thetermlnat 
end  of  the  rotor  shaft,  centrally  locate  the  pin 
<17  or  21)  so  that  ltdoes  notprojectbeyondthe 
drive  shaft  surface. 

t  When  rotor  assembly  (15  or  19),  atator  assembly 
(27)  and  end  beti  assemblies  J12  and  13)  are  assembled 
with  ball  cage  assembly  In'  position,  the  rotor  end 
play  should  be  between  0*0005  and  0.003-lnch*  In  case 
of  excessive  or  Insufficient  etiC  play,  replace  the 
&«ftr4ng  shim  (25)  with  a  thinner  or  Ihlcker  shl^  as 
rcqiilrecL 

NOTE 

Three  sizes  of  bearing  shims  are  available: 
0*002,  0*006r  and  0*012-lnch,  respectively* 

g.  Replace  the  terminal  receptacle  (8)  so  thai  the 
receptacle  key  Is  toward  the'^arlve  end.  Place  new 
insutatl^  sleeving  on  the  lead  wires  and  resolder  to 
the  receptacle  pins  in  the  same  respective  positions 
as  they  were  dlsasaembled*  Slide  the  Insulation  over 
the  soldered  connections  and  position  the  lead  wires 
so  that  they  do  not  rest  against  the  generator  frame* 

It  Before  completing  the  reassembly^  perform  tests 
8a,  band  c*  Upon  completion  of  these  tests,  assemble 
the  lead  clamp  (5),  gasket  (2),  and  nameplate  (1)^ 


using  screws  (3)  and  (6),  and  washers  (4)  and  (7)  as 
shown  in  the  exploded  view*  Then  complete  perform- 
ance tests* 

8*  TS5T  PROCEDURE* 

a,  iWSULATION  BREAKDOWN.  Apply  a  testpoten* 
tlal  (220  volts  a-c,  60  cycles  per  second  for  a  period 
of  five  seconds)  between  the  individual  electrical  pins 
and  the  generator  frame^  including  the  shell  of  the 
terminal  receptacle*  Thsre  should  t>e  no  Insulation 
breakdown* 

b,  COimmnrY*  Test  for  continul^  In  all  three 
phases  (A*B,  A-Ci  B^Q  at  the  receptacle  uelng  a 
suitable  test  circuit  with  Indicating  lamp  connected 
in  series*  FatHfre  of  the  lamp  to  lig^t  indicates  an 
open  circuit  in  the  stator«  If  defective,  replace  the 
stator  and  repeat  the  test 

c*  RESISTANCE*  Measure  the  resistance  of  each 
phase  (A-B,  A-C«  B-C)  at  the  recepUcle.  At  25^0 
(77^F),  the  resistance  of  each  phase  should  be  be** 
tween  20  and  30  ohms.  Resistance  readings  for  each 
of  the  three  phases  should  be  within  one  ohm  of  each 
other*  If  not  within  limits,  replace  stator  assembly* 

NOTE 

After  the  preceding  tests  have  been  made, 
complete  the  reassembly  of  the  generator* 

d*  PHASE  ROTATK)N.  Connect  the  tachometer 
generator  to  a  suitable  phase  Indicator.  Rotate  the 
drive  shaft  In  a  counter-dockwisedirectlon  as  viewed 
from  the  drive  end*  Phase  rotation  should  B-A-C. 
The  phase  rotation  may  be  reversed  interchanging 
the  lead  connections  of  terminals  "A"  an4  **B'*  of  the 
terminal  receptacle* 

e*  TERMINAL  VOLTAGE*  Connect  the  tachometer 
generator  to  a  toad  of  three  40^ohm  resistances,  wye 
connected*  Drive  the  generator, at  4200  revolutions 
per  minute  and  measure  the  three  terminal  voltages; 
readings  should  be  twtween  20*5  and  21*5  volts*  Then 
connect  the  unit  to  a  load  of  three  20*ohm  resistances 
(wye  connected)  and,  operating  the  equipment  at  a 
speed  of  loOO  revolutions  per  minute^  again  measure 
the  three  terminal  voltages  which  should  not  be  less 
than  3*5  volts  minimum*  Replace  sUtor  assembly  If 
not  within  limits* 
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T.O.  &£6-2*20*23  SmsUou  in 

Paragraphs  3-i3  tc  3-14 


CAUBRATION  CHECK  POINTS 
FOR  MODEL  80J43BAH14 


Generator 

Indicator 

Tolerance, 

Frequency*  CPM 

Reading,  RPM 

RPM 

600 

600 

130 

1000 

1000 

120 

1400 

1400 

120 

1800 

1800 

115 

2200 

2200 

115 

2600 

2600 

lao 

3000 

3000 

120 

3600 

3600 

140 

b.  After  calibration  has  been  checke<l^  and  vrith  the 
indicator  etill  connected!  ais  tn'paidgraph  3-12a,  run 
the  generator  at  each  value  given  in  Tables  in  and 
IV  as  applicable.  Note  the  pointer  reading  before 
and  after  lightly  tapping.  The  difference  in  readings 
should  not  exceed  the  frlcUon  limits  shown. 


TABLE  01 


FRICTION  CHECK  POINTS 
FOR  MODEL  80J43AAF14 


Generator 

Indicator 

Allowable 

Frequency*  CPM 

Heading,  RPM 

Friction,  RPM 

1000 

1046 

115 

1500 

1569 

115 

2000 

2092 

115 

2500 

2615 

115 

TABLE  nr 

FRICTION  CHECK  POINTS 

FOR  MODEL  80J43fiAHi4 

Generator 

Indicator 

Allowable 

Frequency*  CPM 

Reading,  RPM 

Friction*  RPM 

1000 

1000 

115 

1500 

1600 

115 

2000 

2000 

115 

2500 

2600 

115 

c*  Oscillationj  Pointer  oscillation  over  the  scale 
range  shall  not  exceed  the  following; 

For  Model  80J43AAF14:  25  RPM 
For  Model  8DJ43BAH14:    5  RPM 


3-13.  For  Model  8DJ43AAM14. 

a^  Connect  the  Indicator  to  a  2*pole  generator 
(MS2B054-J  or  equivalent)  and  run  the  generator  to 
give  ^e  output  frequencies  shown  In  Tabiff  V,  Indi- 


cator readings  should  be  within  the  tolerance  shown  at 
each  successive  checit  point. 

TABLE  V 


CALIBRATION  CHECK  POINTS 
FOR  MODEL  80J43AAM14 


Generator 

Indicator  Reading, 

Tolerance* 

Frequency,  CPM 

Percent  RPM 

Percent  RPM 

0 

0 

0.50 

200 

4.8 

0.50 

400 

9.5 

0.50 

800 

19.1 

0.50 

1600 

384 

0.80 

2400 

57.1 

0.60 

3200 

76.2 

0.50 

3400 

81.0 

0.50 

3600 

85.7 

0.50 

3800 

90.5 

0.50 

4QpO 

95.2 

0.50 

4200 

100.0 

0.50 

4400 

104.8 

0.50 

b.  After  caabratlon  has  been  checked*  and  with  the 
indicator  still  connected  as  In  paragraph  3-13a,  run 
the  generator  to  give  each  Indicator  reading  shown  in 
Table  VL  Note  the  pointer  reading  before  and  after 
lightly  tapping.  The  difference  in  reading  should  not 
exceed  the  friction  limits  shown. 


TABLE  VI 


FRICTION  CHECK  POINTS 
FOR  MODEL  80J43AAM14 


Indicator  Reading* 

Allowable  Friction* 

Percent  RPM 

Percent  RPM 

5 

1.5 

20 

0.8 

40 

0.5 

70 

0.3 

85 

0.3 

100 

0.3 

c.  Oscillation:  Large  pointer  oscillation  shall  not 
exceed  the  following: 


Indicator  Reading 

Oscillation 

Up  to  20  percent  RPM 

0.5  Percent  RPM 

20  to  110  Percent  RPM 

0.3  Percent  RPM 

3-14.  POSITION  ERROR  TEST. 

a.  For  Models  8DJ43AAFi4  and  8DJ43BAH14.  The 
position  error  at  2000  CPM  Input  should  not  exceed 
15  RPM(5  RPM  for  Model  80J43BAH14}v^en  the  Indi- 
cator is  rotated  45degreesup,  45degrees  to  the  rights 
and  45  degrees  to  the  left. 
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Secdoo  IK  T-O.  5Ea-2-20-23 

Pftmgnphs  3'15  to  3*17 


For  Mbdtl  aDJ43AAU14.  Hie  positloa  error  2X 
100  porcwt  sliould  not  exceed  0.00  percent  wlien  tbe 
IntUaitDr  U  rotated  15  degrees  1^,  15  dAgreei  to  tbe 
rlgbtt  15  degreei  to  the  leitt  and  15  degrees  down. 

3-15.  8TAHT1N0  TEST* 

3*10.  Teat  thelndlcatorforstartlngcharacterlfttlcsats 
foUowa: 

a*  For  Uodtla  8DJ43AAF14  and  8DJ4dB/kfll4.  With 
the  genermtor  ranolng  at  tht  output  frequtocy  abown 
beloir,  lha  voltage  at  which  tbe  Indteator  atarta  to  run 
at  yynchroiKMia  ipead  ahall  not  exceed; 


GtMntor 

Frvquancy, 

Voltage 

CPH 

1000 

4.0 

2000 

a.o 

b.  For  Model  8DJ43AAM14.  Con  .ect  the  Indicator  to 
a  varUble«freq^eacy  power  supply,  Thevoltageof  tbe 
avtppty  in  volta  ahall  he  equal  to  0.0035  times  the  fr«-^ 
quency  IncycleBperminuts.  Increasetbefrequsncy  of 
the  supply  gradually  fromzerocycleB-per^tttinute.  The 
generator  oulput  frequency  at  which  synchronous  Indl-^ 
cator  operation  Is  reached,  shall  not  exceed  100  CPM. 

3*17^  For  All  8DJ43  Series  Models. 

a.  Test  indicator  for  leaks.  (See  puagtaph  2-32.d.5.) 

b.  Test  for  fogging  of  the  window.  Place  rhe  indi*^ 
cator  f«  two  hours  in  a  chamber  having  a  circulating 
air  temperature  of  90*  ±  C  ±  lO*  F.)  Within 
30  seconds  after  reakoving  the  indicator  &ott  the 
clwmber,  imaerae  the  indicator  face  one  to  two  inches 
in  a  water  bath*  The  tea)petatuD>  of  the  water  badi 
sitould  be  from  0*  ro  5*  C  (32*  «>  41*  F>.  After  five 
minutes  remove  the  iodicatoc  from  the  bath  and  dry 
with  compressed  sir.  There  should  be  no  evidence  of 
moistve  or  other  deposits  on  the  inner  face  of  the 
cover  glass. 
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REPBODUCTION  FOR  ATC  TRAXHIKG  USE  ONLY,  DO  NOT  USE  ON  THE  JOB. 

SECTION  IV 
OPERATION  INSTRUCTIONS 


4-1.    OPERATING  CONTROLS  AND  INDICATORS. 

4-2.  The  instructions  given  In  this  section  provide 
operating  procedures  for  the  tachometer  tester.  Be* 
fore  attempting  to  operate  the  equipment,  become 
thoroughly  familiar  with  the  controls  and  indicators 
illustrated  in  figure  4-1.  The  functions  of  all  con* 
trols  and  Indicators  are  given  In  figure  4*2. 


4-3,     PRELIMINARY  CONNECTIONS  AND  OPERA- 
TION. 

NOTE 

Reference  numbers  in  parentheses  tn  this  and 
in  tha  operation  paragraphs  refer  to  figure 
4*1. 


Figure  4*L  Tachometer  Tester,  Front  Panel 


Control  or 
Bitlicator 

Figure  4*1 
Index  No. 

MASTER  GEN.  — 
TEST  GEN< 

11 

This  switch  is  left  in  the  MASTER  GEN.  position  at  all 
times,  except  when  the  tester  is  used  to  cluck  a  system  on 
an  aircraft  during  runup,  In  whlct^  case»  it  is  cnanged  to  the 
TEST  GEN.  position. 

INCREASE  SPEED 

d 

This  control  is  used  to  energize  ttie  drive  motor  and  to  vary 
the  drive  speed  to  both  the  master  tachometer  generator  and 
the  generator  under  test.  The  control  is  used  during  tachom* 
eter  generator  and  tachometer  indicator  tests.  To  increase 
drive  speed,  turn  the  control  clockwise.  The  drive  motor 
Is  deenergtzed  when  the  control  is  turned  fully  counter- 
clockwise. 

MASTER  INDICATOR 
switch 

s 

When  in  the  ON  position,  this  switch  supplies  power  to  the 
master  indicator. 

Figure  4>2.  Table  of  Operating  Controls  and  Indicators  {Sheet  1  of  2) 
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Section  rv  T.O.  33D2-6-102-1 

Paragraphs  4-4  to  4-6 


Control  or 
Indicator 

Figure  4-1 
Index  No. 

Function 

HPM  Indicator 

7 

Thl5  indicator  contains  three  four-digit  counters  that  read- 
out tachometer  generator  speeds  in  RPM  X  1,  RPM  X  2, 
and  PERCENT  RPM,  as  measured  by  the  precision  speed 
indicator  circuit  of  the  tachometer  tester.  All  three 
counters  indicate  simultaneously. 

LOAD  IN  OHMS 

3 

This  five-position  switch  is  used  during  tachometer  genera- 
tor tests  for  connecting  either  a  delta-  or  wye-^connected, 
three-phase  load  to  the  tachometer  generator  under  test. 
Both  15-  and  30-ohm  loads  are  provided  in  three-^phase 
delta  connection;  20^  and  40-ohm  loads  are  provided  in  wye 
connection. 

VOLTMETER 
Selector  switch 

6 

This  seven-position  switch  provides  connections  for  moni- 
toring the  voltage  across  phase  A^C^  B^C,  or  A^B  of  the 
tachometer  generator.  When  in  the  TEST  GEN.  position, 
it  monitors  the  tachometer  generator  under  test.  In  the 
MASTER  GEN.  position,  it  monitors  the  output  to  the  indl* 
cator  Under  test.  Monitoring  of  this  output  is  required  dur^ 
ing  adjustment  of  the  MAST,  GEN.  OUTPUT  control.  The 
switch  is  normally  left  in  the  OFF  position. 

MAST.  GEN.  OUTPUT 

5 

This  control  at^usts  the  output  voltage  of  the  master  tachom- 
eter* The  Output  voltage  is  monitored  only  when  the  volt^ 
meter  switch  is  in  tVe  MASTER  GEN,  position  (i,  e. ,  during 
in<i&cator  tests). 

GENERATOR  OUTPUT 
VOLTAGE 

4 

This  voltmeter  indicates  the  voltage  obtained  across  phase 
A-C,  B-C,  or  A*B  of  the  tachometer  generator  under  test, 
or  across  the  phases  of  the  tachometer  indicator  under  test , 
depending  upon  the  setting  of  the  voltmeter  selector  switch. 

Figure  4-2,  Table  of  Operating  controls  and  Indicators  (Sheet  2  of  2) 


4-4.    Perform  the  following  preliminary  steps  prior 
to  performing  any  tests: 

a*    Connect  tachometer  tester  to  a  source  o(  115- 
volt,  400*cycie  powen  connect*  the  ailxgator 
clip  to  the  metal  plate  on  the  bench. 

CAUTION 

Operate  the  tachometer  tester  only  from  a 
115-volt,  400-cps,  single-phase  power  source 
capable  of  furnishing  250  volt-amperes. 

b.    Set  the  MASTER  INDICATOR  switch  (6)  to  ON. 
Allow  a  five-minute  warm-^ip  period. 

4-5,    OPERATIONAL  PROCEDURE,  GENERATOR 
TESTS. 

4-6.    To  test  tachometer  generators,  proceed  as 
follows; 

a.    Install  generator  to  be  tested  on  proper  genera- 
tor test  pad  (2). 


NOTE 

The  equipment  is  furnished  with  two  test  pads 
so  that  optimum  use  can  be  made  of  drive 
speed  resolution.  The  4  POLE  GEN.  PAD 
rotates  at  exactly  one-half  the  speed  of  the  2 
POLE  GEN.  PAD,  The  pads  are  arranged 
so  that  installationof  more  than  one  generator 
at  a  time  may  be  prevented,  thus  preventing 
accidental  overloading  of  the  drive  system. 
A  generator  is  installed  by  inserting  the  shaft 
into  the  pad  socket,  and  twisting  the  generator 
body  approximately  one-^half  turn  to  secure 
its  flange  under  the  spring  clips  of  the  pad. 
It  is  helpful  in  the  above  procedure  to  allow 
the  drive  to  rotate  slowly  (under  100  rpm) 
while  inserting  the  generator  shaft, 

b.  Connect  the  appropriate  cable  between  genera- 
tor and  TEST  GEN  INPUT  connector  (1). 

c.  Turn  LOAD-IN-OHMS  control  (3)  to  the  value 
specified  in  the  T.  0.  for  the  generator  under  test. 

d.  Set  the  MASTER  GEN.  —TEST  GEN.  control  at 
TEST  GEN. 
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Section  IV 
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e.  Bring  generator  speed  up  to  the  specified  value 
by  turning  the  [NCREASE  SPEED  control  (9)  and  ob^ 
serving  the  speed  indication  on  tbeRPM  indicator  (7), 

NOTE 

When  testing  lour-pole  generators,  the  gen- 
erator shaft  Speed  will  be  one-hall  the  read- 
ing indicated  on  the  RPM  indicator  The  re- 
quired shaft  speed  is  obtained  when  the  RPM 
X  1  scale  reads  twice  the  required  speed. 
The  extreme  counterclockwise  position  of  the 
INCREASE  SPEED  control  actuates  a  power 
switch  that  deen^rgUes  the  drive  system. 
Clockwise  rotation  of  the  control  increases 
speed.  The  INCREASE  SPEED  control  should 
always  be  at  the  extreme  counterclockwise 
position  before  removing  or  installing  a  gen- 
erator on  the  test  pad,  or  before  connecting 
or  disconnecting  power  to  the  tester. 

f.  Observe  voltage  output  across  each  phase  of  the 
generator  under  test  by  turning  VOLTMETER  Selec- 
tor switch  (6)  to  each  of  the  three  TEST  GEN.  posi- 
tions and  reading  the  output  voltage  on  GENERATOR 
OUTPUT  VOLTAGE  meter  (5). 

4-7.     OPERATIONAL    PROCEDURE,  INDICATOR 
TESTSt 

SPEED  CALIBEAriON. 

a.  Connect  indicator  to  be  tested  by  means  of  ap** 
propriate  cable  to  MAST.  GER  OUTPUT  connector 
(D- 

CAUTION 

If  the  indicator  is  bench  testedi  do  not  allow 
the  case  to  be  grounded. 

b.  Set  MASTER  GEN. —TEST  GEN.  switch  (U)  to 
MASTER  GEN.  position. 

c.  Set  MAST.  GEN.  OUTPUT  control  (5)  to  its  ex- 
treme clockwise  position. 

dt  Compare  the  RPM  indicator  readings  with  the 
readings  of  the  indicator  under  lest  at  the  speeds 
specified  in  the  T.  0.  for  the  indicator. 


4*9.    STARTING  VOLTAGE. 

a.  Perform  steps  a  and  b  of  para^aph  4*8. 

b.  Rotate  INCREASE  SPEED  control  (9)  until  a 
reading  of  4000  ±10  rpm  is  observed  on  the  RPM  X  1 
scale  of  the  HPM  indicator  (7>. 

c.  Turn  VOLTMETER  Selector  switch  (6)  to  MAS* 
TER  Gen.  A*C  position. 

d.  Turn  MAST.  GEN.  OUTPUT  control  (5)  until  a 
reading  of  14. 0  volts  is  obtained  on  the  GENERATOR 
OUTPUT  VOLTAGE  nneter(4).  The  master  generator 
is  now  calibrated  to  provide 0. 0035XF  voltij  as  speci** 
fied  m  the  indicator  T.  O.  Reduce  drive  speed  to 
zero  and  then  increase  gradually  until  indicator  under 
test  just  starts  to  pull  in  at  a  synchronous  speed. 
This  Speed  should  be  equal  to,  or  less  than,  tnat 
Specified  for  starting  voltage  in  the  indicator  T.  O. 

4-10.    USE  OF  TACHOMETER  TESTER  FOR  EN- 
CINE  RUN-UP. 

4<^11.  To  use  tachometer  tester  for  engine  run-up, 
proceed  as  follows: 

a.  Connect  "T''  adaptor  mto  cable  Harness  at  air* 
craft  tachometer  indicator  or  generator. 

b.  Connect  appropriate  cableassemblyto  intercon- 
nect *T"  adaptor  and  TEST  GEN  INPUT  connector  on 
tachometer  tester. 

c.  RPM  indicator  now  provides  an  accurate  meas- 
urement of  engine  speed. 

CAUTION 

Do  not  operate  thetwo*speedtest  pad  when  tne 
tachometer  tester  is  used  during  engine  run- 
up. 

4-12.    DEENERGIZCNGANDSECUHINGTBE  EQUTP- 
MENTt 

4-13.  To  deenergtze  the  tachonteter  tester  at  any 
time,  turn  the  INCREASE  SPEED  control  toJ)RIV£ 
POWER  OFF(fullycounterclockwise)and  the  MASTER 
INDICATOR  switch  to  OFF. 

4*H.  If  the  tachometer  tester  is  to  be  secured^  dis- 
connect the  powerand  test  cables  andstow  them  in  the 
storage  compartment  of  the  case  assembly.  Close 
and  secure  the  lid* 
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FOREWORD 


This  prograismed  text  was  prepared  for  use  in  courses  3ABR^iS31» 
Avionics  Instrument  Systems  Specialist*  and  3AfiR32632B»  Integrated 
Avionic  Systems  Specialist.    This  text  has  been  validated  using  30 
students  from  the  subject  courses*    Tventy-^elght  of  the  students 
achieved  the  objective  as  stated*    The  average  completion  time  is 
60  minutes* 

OBJECTIVES 

Without  references »  identify  facts  pertaining  to  the  purpose* 
operation*  aad/or  characteristics  of  typical  temperature  indicating 
systems 

a<     r.esistance  thermometer 

b.  thermocouple  thermometer 

c.  turbine  inlet  temperature 
with  an  accuracy    of  at  least  &0Z* 


INSTRUCTIONS 

This  programmed  text  is  divided  into  three  sections;  Section  A 
covers  the  resistance  thermometer  system*  Section  B  cavers  the 
thermocouple  thermometer  system*  and  Section  C  covers  the  turbine 
inlet  temperature  system  (3ABR32632B  ONLY)*    The  information  presented 
in  this  text  is  in  small  steps  called  '^frames"*    After  reading  the 
information  in  each  frame  you  are  asked  to  actively  respond  to  the 
statements  at  the  end  of  that  frame*    Place  your  response  on  the 
answer  sheet  provided  with  this  text*    Check  the  accuracy  of  your  ^ 
responses  with  the  correct  responses  given  at  the  end  of  the  following 
frame*    If  you  make  an  incorrect  response*  reread  the  frame  until  you 
determine  why  your  response  was  in  error*    After  completing  each 
required  section  you  will  take  an  appraisal  to  display  your  attainment 
of  the  stated  objective.    Work  as  quickly  as  possible*  but  DO  NOT  RUSH! 


Supersedes  3ABR32531-PT-204*  7  November  1972*,  3ABR32531-PT-206, 
3ABR32632B-PT-302*  11  December  1974;  3ABR32632B-PT-302A*  29  October  1974. 
OPR:  3360TTG 
DISTRIBUTION:  X 

3360TTGTC-W  -  200;  TTVSR  -  1 


SECTION  A.    RESISTANCE  THERMOMETER  "^/^ 
C,5ABR32531  and  3ABR32632B) 


Frame  1 


simolp    .  !  t  f  *  """^  thermomecer  chad  is  accurate. 

measirU  ;  °°  P"'"*  "°  electrical  plugs  and 

Jhp^n  '^^''P"*':""  degrees  Fahrenheit.  It  is  a  good,  cheao 
Yon  ;^%^f"  However,  it  does  •    ^  its  d'rawbact  ' 

the  tSevisiof  «^  "hen  your  snuggled  up  close  to 

so  to  thl^J  ^       *  "^'^^"S  thermometer.    You  must 

go  to  the  thermometer  to  read  it. 


Figure  1. 

Circle  the  latter  of  the  correct  response  to  the  following  stateaent(s) , 
!•     The  greatest  disadvantage  of  a  glass  bulb  thermometer  is  its 
a.  Inaccuracy. 

cheap  construction* 
c*  Fahrenheit  scale* 

direct  reading  feature* 


740 
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Frame  2 

The  resistance  chermomecer  system  is  used  Co  measure  tempera-^ 
Cures  ouCside  Che  aircrafc*    Ic  is  accurace^  cheapo  and  simple* 
The  t)     ^omecer  measures  che  Cemperature  in  degrees  Celsius  (cencigrade) 
an^       ^  remote  indicating  syscem*    Therefore^  you  can  remain  in 
Che  cockpit  and  check  che  free  air  (oucside  air)  cemperacure*  See 
figure  2*    The  indicacor  Is  placed  at  a  crew  scacion  and  the 
Cemperacure  bulb  in  an  area  in  which  the  cemperature  Is  to  be 
measured « 


Figure  2« 

Circle  the  letter  of  the  correct  response  Co  che  following  scatement(s)  • 

1.      The  greatest  advan Cage  of  the  resistance  chermomecer  syscem 
is  ics 

a*  accuracy* 

b*        low  cost*  Hf  .  . 

c.      Celsius  scale. 
4.      remoce  reading  feature. 
ANSWER  TO  FRAME  1:      1.  d 
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1^1 

Frame  3 


The  realstance  thermometer  system  operates  on  28V  DC«  The 
voltage  Is  supplied  from  the  aircraft  28V  DC  power  bus  bar  and  is 
applied  to  the  Indicator  receptacle.    See  figure  3« 


 1 — 

Figure  3* 

Circle  the  letter  of  the  correct  response  to  the  following  statement(s)« 
1*     The  resistance  thermometer  indicator  has  28V  DC  applied  from  the 

a«     resistance  bulh* 

b«     aircraft  battery. 

c«     DC  power  bus  bar« 

d«     AC  power  bus  bar. 

ANSWER  TO  FRAME  2l      U  d. 


74  p 


7U 

Frame  4 


Some  aircraft  require  more  than  one  resistance  thermometer 
Indicating  system  In  order  to  provide  remote  temperature  readings  for 
different  crew  members*    Figure  4  shows  the  copllot*s  and  navigator's 
resistance  thermometer  systems*    The  two  systems  are  not  connected 
electrically,  although  both  use  the  same  28V  DC  power  source. 


Figure  4. 


Circle  the  latter  of  the  correct  response  to  the  following  statement (s) • 
1.     The  two  resistance  thermometer  indicating  systems  are  made  up  of 

a«     one  Indicator,  two  temperature  bulbs  and  one  power  source* 

h*      two  indicators,  one  temperature  bulb  and  one  power  source. 

c»      two  Indicators,  two  temperature  bulbs  and  one  power  source. 

d.      two  indicators,  two  temperature  bulbs  and  two  power  sources. 


ANSWER  TO  FRAME  3)      1.  c* 
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Frame  5 


The  resistance  thennometer  indicating  system  can  also  be  used 
to  indicate  carburetor  air  temperature,  oil  temperature,  cuoling 
air  temperature  for  electronic  equipment,  cargo  compartment 
temperature,  and  cabin  air  temperature  by  using  different 
temperature  bulb  designs* 

NO  RESPONSE  REQUIRED 


ANSWER  TO  FRAME  4;      1*  c 


Pram^  6 

The  resistance  thermometer  temperature  bulbs  come  in  different 
shapes*    Two  of  the  most  common  shapes  are  shown  in  figures  5  and  5* 
The  stem  type  bulb,  shown  in  figure  5,  can  be  used  as  a  carburetor 
air  temperature  bulb  or  oil  temperature  bulb*    The  disc  type  bulb^ 
shown  in  figure  6,  Is  used  as  a  free  air  temperature  bulb*  The 
bulbs  are  the  sensing  elements  of  the  system* 


n- 


BUIB 


-MOUNTING 
SCREW 


ELECTfilCAL 
RCCHPTACU 


EUCTRICAL 
H£CePTACL£ 


Figure  5* 


1-CHSC  TYPE  BUUa 
Figure  6* 


Circle  the  letter  of  the  correct  response  to  th^  following  statement(s) 
1*      The  bulb  shown  in  figure  6  can  be  used  as 

a»     a  carburetor  air  temperature  bulb* 

b*     an  oil  temperature  bulb* 

c*     a  carburetor  or  oil  temperature  bulb* 

d*      a  free  air  temperature  bulb* 


^  4  ' 
i  1v> 


8 
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Frame  7 


Electrically,  the  temperature  bulbs  are  5lmj.lar»  since  they 
all  contain  a  resistance  strip  of  fine  nickel  wire  and  a  mica 
Insulator*    The  mica  insulates  the  wire  from  the  temperature  bulb, 
ttlckel  wire  is  used  because  its  electrical  resistance  changes 
considerably  with  a  small  change  In  temperature.    When  its 
temperature  increases »  the  resistance  increases.    When  the 
temperature  decreases,  the  resistance  will  decrease* 


Figure  7< 


Refer  to  figure  7  arid  circle  the  letter  of  the  correct  response  to 
the  following  statement(s) . 

1<     ttickel  wire  is  used  in  the  bulb  because 

a.      it  will  not  bum  out. 

bt      it  is  more  economical. 

c.     its  resistance  is  constant  with  temperature  changes^ 
d«      it  is  sensitive  to  temperature  changes^ 
ANSWERS  TO  FRAME  6:      1.  d 
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Frane^S 


The  indicator  is  the  heart  o£  the  system.    It  is  made  up  of  a 
horseshoe  magnet*  a  soft  iron  corei  and  two  moving  coils  placed  in 
the  air  gap  of  the  horseshoe  magnet  (see  figure  8).    The  soft  iron 
core  is  stationary  and  the  coils  move  around  the  core.    The  purpose 
of  the  soft  iron  core  is  to  strengthen  the  magnetic  field  of  the 
coils  when  current  flows  through  them.    It  also  sets  up  a  low 
reluctance  path  for  the  lines  of  force  of  the  ho::seshoe  magnet. 


MORS£SHO€ 
MAGNET 


fUJK  UNCS 


Figure  8. 

Hefer  to  figure  8  and  circle  the  letter  of  the  correct  response  to 
the  following  stat6ment(s). 

1.     The  purpose  of  the  so£t  Iron  core  is  to 

a.  strengthen  the  field  of  the  colls. 

b.  weaken, the  field  of  the  coils. 

c.  set  up  a  magnetic  field  In  the  colls. 

d.  set  up  the  magnetic  poles  of  the  horseshoe  magnet. 
ANSWERS  TO  FRAME  7:      1.  d 
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FrAme  9 

The  moving  coils  are  cemented  together  and  electrically 
insulated  from  each  other*    The  coils,  springs  (hairsprings), 
and  pointer  are  mounted  on  a  shaft  (see  figure  9)*    The  springs 
are  connected  to  the  colls*    These  springs  are  uaed  to  conduct 
current  to  the  coils  ^d  to  carry  the  pointer  to  off  scale  cold 
when  the  power  is  disconnected* 


POMT^ 


Figure  9* 


Circle  the  letter  of  the  correct  response  to  the  following  stateiiient(s)  * 
1*     The  purpose  of  the  springs  (hairsprings)  is  to 

at      conduct  current  to  the  coils* 

b*     move  the  pointer  to  off  scale  cold. 

c*     move  the  pointer  to  off  scale  hot* 

d*      conduct  current  to  the  coils  and  move  the  pointer 
to  off  scale  hot  when  power  is  lost* 

ANSWER  10  FRAME  8;      1*  a 


7^  . 
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Frame  10 


An  Indicator,  temperature  bulb,  and  a  DC  power  supply  are 
connected  together  to  form  an  Indicating  system.    Coll  1,  the 
variable  current  coll,  Is  connected  In  series  with  the  temperature 
bulb.    ColX  2,  Che  fixed  current  coll,  Is  connected  In  aeries  with 
a  fixed  resistor.    Both  colls  are  connected  In  parallel  with  the 
DC  power  source,  and  current  flows  through  both  parallel  legs  In 
the  direction  of  the  arrows  shown  In  figure  10.    Tie  points  A,  B 
and  C  represent  the  electrical  receptacle  of  the  Indicator. 


Cold 


VARIABLE 
CURRENT 
COIL 


Hot 


FtXEO- 
CURREW 
COIL 


FtXED 
RESISTOR 


— -  28-4/OLTS  D  C 


TEMPERATURE 

euLa 


Figure  10. 
NO  RESPOHSE  REQUIKED 


ANSWER  TO  FRAME  9:      1.  a  and  b 
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Frame  11 


The  Indicator  movement  Is  essentially  a  ratlometer  type  because 
It  operates  on  the  principle  of  the  ratio  of  current  flow  In  colls  1 
and  2*  If  an  equal  amount  of  current  Is  flowing  through  each  of  the 
two  colls*  the  magnetic  field  around  each  coll  will  be  equal*  There* 
fore*  as  the  lines  of  force  of  the  horseshoe  magnet  try  to  cross  *  an 
equal  force  Is  applied  to  each  coll  causing  the  colls  to  balance  and 
the  pointer  to  align  at  mldscale*    (See  figure  11) « 


Figure  11, 

Refer  to  figure  11  and  circle  the  letter  of  the  correct  response  to 
the  following  statement(s) » 

1,     When  the  current  In  the  colls  are  equal*  the  pointer  will 
a*     align  at  mldscale. 
b«      read  clockwise* 
c*      read  countercloclc^lse. 


The  indicator  is  essentially  the 

a,  ratiometer  type, 

b,  self-synchronotis  type, 

c,  AC  powered  type. 


3 


14  '   '  "'• 


73/ 

Frame  12 


When  the  temperature  at  the  bulb  IncreaseSt  the  amount  of 
current  flow  through  coll  1  will  decrease*    With  less  current  flow 
through  the  coll,  the  magnetic  field  around  that  coll  will  decrease* 
With  a  stronger  field  around  coll  2  than  around  coll  1,  greater 
force  will  be  applied  to  coll  2*    This  unbalance  causes  the  pointer 
to  move  to  the  right  or  upscale* 


Figure  12* 


Refer  to  figure  12  and  circle  the  letter  of  the  response  to  the 
following  statement (s) * 

The  current  flow  through  the  colls  In  figure  12  Is 

a*      less  In  coll  2  due  to  the  Increase  of  the  resistor 
resistance  In  series  with  It* 

b*      higher  In  coll  2  due  to  the  decrease  of  the  resistor 
resistance  In  series  with  It* 

c*      less  In  coll  1  due  to  the  Increase  of  the  bulb  resistance 
In  series  with  It* 

d*      higher  In  coil  1  due  to  the  Increase  of  the  bulb 
resistance  In  series  with  it* 

ANSWERS  TO  FRAME  11:      1*    a       2*  a 
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MSWERS  TO  FRAME  12:      1-  c 


Return  to  Che  beginning  o£  the  programmed  text  and  review  the 
objectives.    When  you  are  satisfied  that  you  know  and  understand 
the  material*  you  will  take  an  appraisal. 

3ABR32531  -  After  passing  the  appraisal  you  will  proceed  to  Che 
lab  Co  perform  on  an  actual  resistance  thermometer  system* 

3ABR32632B  -  After  passing  Che  appraisal  you  will  proceed  to 
Section  B  of  thermometer  Indicating  systems* 


APPRAISAL 
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SECTION  B.    THERMOCOUPLE  TBEBMOMETER  '^"^ 
C3ABR3253X  and  3ABR32632B) 


Frame  1 


It  was  found  during  the  development  o£  aircraft  engines  that 
high  temperatures  were  developed  in  the  -^''Xinder  heads  of  recipro-* 
eating  engines.    It  was  also  found  that  U  ^^her  tempet^atures  were 
developed  in  the  exhaust  section  of  Jet  engines,    tt  was  determined 
that  a  remote  loonitoring  system  was  needed  to  indicate  the  tempera-* 
ture  of  the  cylinder  head  and  e:chaust  gas  systems  for  safe  operation. 
The  theraiocouple  thermometer  system  is  used  to  measure  the  cylinder 
he£^d  temperature  of  the  reciprocating  engine  and  exhaust  gas 
temperature  of  the  Jet  engine. 

Circle  the  letter  of  the  correct  response  to  the  following  statement (a) . 
1*     The  thermocouple  thermom&::er  is  used  to 

a*     remotely  indicate  cylinder  head  or  cabin  temperature. 

b.  directly  indicate  engine  exhaust  gas  or  engine  cylinder 
head  temperature. 

c.  remotely  indicate  engine  exhaust  gas  or  engine  cylinder 
head  temperature. 

d.  *    remotely  indicate  engine  exhaust  gas  or  cabin  temperature. 


Frame  2 


Ihe  thermocouple  Is  a  device  chat  converts  heat  into 
electricity.    If  both  ends  of  two  different  types  of  wire  are 
twisted  or  fused  together  and  one  of  these  junctions  is  either 
heated  or  cooled^  a  very  small  electrical  voltage  xs  developed 
in  the  circuit  as  long  as  the  temperature  difference  is  maintained. 
This  small  amount  of  voltage  is  measured  In  milllvorits.    The  hot 
junction  is  the  end  located  on  the  engine  and  the  cold  junction  is 
in  the  instrument  as  shown  In  figure  13. 


eNGlN£ 


Figure  12. 

Refer  to  figure  13  and  circle  the  letter  of  the  correct  response(s)  to 
the  following  statements. 

1.  Current  flows  in  the  themocouple  as  long  as 

a.  both  ends  are  r?o: 

b.  both  ends  are  hot. 

c.  one  'jire  is  cool  f'nd  one  wire  is  hot. 

d.  one  enc  is  cocl  at.    .ne  end  is  hot. 

2.  The  voltage  devel  .ped  to  operate  this  system  is  measured  in 

a.  volts. 

b .  amps . 

c.  millivolts. 

d.  mllliamps. 
AMSWERS  TO  FRAME  1:      1.  c 
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Frame  3 

Th&re  are  basically  two  types  of  thermocouple  thermometer  systems 
in  use.    One  is  used  on  reciprocating  aircraft  engines  and  the  other  one 
is  used  on  jet  aircraft  engines*    The  following  frames  will  show  pictures 
of  the  parts  of  each  system  and  explain  the  operation  of  each  system* 
Figure  lA  shows  the  units  used  on  reciprocating  engines  and  figure  15 
shows  the  units  used  on  jet  engines* 


TERMINAL 


TERMINAL 


AN  SS34<-I  REStSTOR  IN  SERtES 
WITH   THE   C0S5TANTAN  LEAD 


IRON   COnSTANTAN  lead 


THERMOCOUPLE 
\ 


I 


POSITIVE 
TERMINAL 


NEGATIVE 
TERMINAL 


constantan 
Figure  1A« 


chromel  lead 


0 

0 

0 

ANSS34-I  RESISTDR  IN  SERIES 
WITH  THE  ALUMEL  LEAD 


TAILPIPE  THERMOCOUPLf 

\ 


CHROMEL 


ANSWERS  TO  FRAME  2: 


Figure  15. 
HO  RESPONSE  REQUIRED 


1.    d  2, 
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Fraste  4 


The  thermocouple  thermometer  indicator  is  basically  a  D'Arsonval 
millivoltraeter.    Instead  of  the  dial  being  calibrated  to  indicate 
millivolts  it  is  calibrated  in  degrees  Celsius.    Figure  16  shows  the 
type  of  indicator  used  with  the  cylinder  head  temperature  system. 
Figure  17  shows  the  type  of  indicator  uaed  with  the  jet  engine 
exhaust  gas  temperature  system. 


Refer  to  figutes^ie  and  17  and  circle  the  letter  of  the  correct 
response(s)  to  the  folloxrtng  st:atement(s) , 

1,  The  Indicator  In  figure  16  is  calibrated  to  indicate  cylinder 
head  temperature  in 

a.  degrees  Fahrenheit. 

b«  degrees  Celsius. 

c.  millivolts. 

d.  mill lamps. 

2.  The  dial  of  the  indicator  shown  in  figure  17  is  calibrated  from 

a.  0  to  10  degrees  C. 

b.  0  to  100  degrees  C. 

c.  0  to  1000  degrees  C.  7^ 


Figure  16. 


Figure  17. 


d. 


0  to  10^000  degrees  C. 
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Frame  5  7^7 

There  are  several  c  fferenc  types  of  thermocouples  used  in  measuring 
engine  temperatures*    Figures  IS  and  19  show  two  of  these  thermocouples. 
The  thermocouple  used  on  the  reciprocating  engine  is  either  a  gasket  type 
as  shown  in  figure  18  or  a  bayonet  type.    The  leads  are  usually  made  of 
iron  and  constantan  and  are  color  coded*    The  iron  lead  has  black  insula"^ 
tion  and  the  constantan  lead  has  yellow  insulation*    These  leads  are  used 
where  engine  temperatures  do  not  exceed  300^  Celsius^    The  thermocouple  used 
In  the  jet  engine  has  a  probe  as  shown  in  figure  19.    The  leads  are  made  of 
alumel  and  chromel  and  are  also  color  coded^    The  alumel  lead  has  green 
insulation  and  the  chromel  lead  has  white  insulation.    These  leads  are  used 
where  engine  temperatures  run  as  high  as  12QC^  Celsius* 


Figure  18. 


CHROMEL -ACUMtL  LEAD 



TfliLPlPt  THERMOCOUPLE 


ALUMEL" 

^^^^^^^^       ..fhrtt/^  pTfT 


~7 


CHROMEfl 
Figure  19* 

Refer  to  figures  18  fit  19  and  circle  the  letter  of  the  correct  response 
to  the  following  stateinent(d)  * 

1*     The  thermocouple  leads  used  on  a  reciprocating  engine  are 

a  •      alumel- chromel . 

alumel'lron* 
c*  chromel"-constantan» 
d.  iron*constantant 

2*     The  in*!ulation  color  for  alumel-chromel  leads  are 
a*     white  -  yellow* 
b.      green  -  white ^ 

c*      green  -  black* 
d.      black  "  yellow* 
ANSWERS  TO  FRAME  4:      1.    b  2. 
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73«  ■ 

Frarae  6 

The  resistance  of  the  thermocouple  leads  Is  2»  8»  or  22  ohms  + 
0,1  ohm*    Since  practically  wo  two  aircraft  use  the  same  length  wires* 
there  has  to  be  a  way  to  a'ijust  the  overall  resistance  of  the  circuit* 
The  wires  cannot  be  cut  as  th^t  would  reduce  the  overall  resistance  of 
^he  leads  and  cause  faulty  readings.    This  means  a  variable  resistor 
like  the  one  shown  In  figure  20  must  be  used*    The  variable  resistor 
can  be  adjusted  to  change  the  overall  resistance  of  the  circuit  to 
within  allowable  tolerance. 


Circle*  the  letter  of  the  correct  response  to  the  follcwing  statement(s)H 

1.      The  resistance  of  the  thenuocouple  leads  can  be  adjusted  to 
within  allowable  tolerance  by 

a.  Cutting  the  wires* 

b.  using  a  variable  resistor* 

c*      splicing  the  i^ires  to  lengthen  them* 

ANSWERS  TO  FRAME  5:      1,    d       2*  b 
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Frame  7 


Both  thermocouple  systems  can  use  the  same  resistor*    the  resistor 
has  two  spools  of  wire,  one  of  which  Is  used  as  a  spare*    The  wire  on 
these  spools  Is  rated  at  0*7  ohms  per  foot*    The  resistaice  of  the  leads 
Is  shown  oa  the  back  of  the  iastrument  as  shown  In  figure  20*    To  obtain 
the  proper  resistance  for  the  circuit,  wire  is  removed  from  oae  spool 
until  the  desired  resistance  of  the  circuit  is  obtained*    The  resistance 
of  the  circxiit  is  always  measured  with  the  variable  resistor  io  the 
circuit*    A  variable  resistor  1$  shown  in  figure  21* 


Figure  20*  Figure  21* 


Refer  to  figure  20  and  circle  the  letter  of  the  correct  response  to 
the  following  statement(3) , 

1,     The  overall  resistance  of  the  circuit  is  10  ohms*    To  obtain 
the  correct  amount  of  ohms  for  the  iudlcator  in  figure  20  you 
would 

a,  remove  wire  from  the  variable  resistor, 

b,  cut  out  a  section  of  wire  of  the  thermocouple. 

c,  add  a  section  of  wire  to  the  thermocouple* 

d,  replace  the  thermocouple  leads. 


ANSWERS  TO  FRAME  6:      1,  b 
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Frame  8 


The  resistor  Is  placed  In  series  wlch  the  negative  lead  of  the 
thermocouple.    The  negative  lead  Is  determined  by  the  color  of  the 
insulation*    The  negative  lead  of  the  chermocouple  for  the 
reciprocating  engine  Is  the  constantan  lead  and  has  the  yellow 
insulation.    The  negative  lead  of  the  chermocouple  for  the  jet 
engine  Is  the  alumel  lead  and  has  the  green  Insulation  (as  we  have 
shown  In  figures  14  and  15.) 

Circle  the  letter  of  the  correct  response  to  the  following  statement(s) * 
1.      The  variable  resistor  Is  placed  In 

a*      parallel  with  the  negative  lead. 

b*      series  with  positive  lead. 

c.  parallel  with  positive  lead. 

d.  series  with  the  negative  lead. 

2*      The  inaterlal  and  color  code  of  the  negative  leads  are 

a.  alumel  -  yellow* 

b.  constantan  -  yellow. 

c.  alumel  -  green. 

d.  constantan  -  white* 
ANSWERS  TO  FHAME  7;      1.  a 
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Frame  9 

The  jet  engine  has  at  lease  chree  chermocouples  and  sometimes 
more.    The  total  niimber  of  therino couples  depends  upon  the  design  of 
the  engine*    These  thermocouples  are  electrically  connected  In 
parallel*    This  is  so  that  the  average  temperature  of  the  eoglne 
exhaust  gas  Is  measured* 


Figure  22* 

Kefer  to  figure  22  and  circle  the  letter  of  the  correct  response 
to  the  following  5tatement(s)* 

1*    'The  them^couples  in  a  jet  engine  are  connected  in 

a*  series* 
parallel* 

c*  5erle5-parallel* 
ANSWERS  TO  FRAME  8:      1*    d     2*  b,  c 
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AMSWER  TO  FRAME  9:        1.  b 

Return  to  the  beginning  of  the  programed  text  and  review  the  ^^^^ 
objectives.    When  you  are  satisfied  that  you  know  and  understand 
the  material,  you  will  take  an  appraisal* 

3ABR32S31  *  After  passing  the  appraisal  you  will  proceed  to  the  lab 
to  perform  i^a  an  actual  thennocouple  thermometer  system* 

3ABR32632B  -  After  passing  the  appraisal,  you  will  proceed  to 
Section  C  of  temperature  Indicating  system* 


APPRAISAL 
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SECTION  C.    TimBINE  tNLEI  TEMPERATURE 
(3ABR32632B  ONLY) 


7V3 


Frame  1 


Now  that  you  have  learned  how  a  thermocouple  probe  operates^ 
let*s  look  at  one  specific  type  of  system  called  the  turbine  Inlet 
temperature  system* 

NO  RESPONSE  REQUIItED 
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Frame  2 


The  turbine  Inlet  temperature  indicating  system  Indicates 
the  simulated  turbine  inlet  temperature*    It  would  be  desirable 
to  sense  actual  turbine  inlet  temperature;  hoaever,  the  high 
amount  o£  heat  at  this  point  makes  it  Impractical*    Also,  serious 
engine  damage  could  result  if  a  probe  should  break  and  enter  the 
turbine  section*    Turbine  Inlec  temperature  is  Indirectly  measured 
through  a  thermocouple  circuit  which  sums  turbine  discharge 
temperature  and  compressor  discharge  temperature  and  subtracts 
compressor  Inlet  temperature*    This  is  accomplished  by  six  exhaust 
gas  temperature  thermocouple  probes  connected  in  parallel^  two 
compressor  Inlet  temperature  thermocouple  probes  connected  in 
parallel,  and  two  compressor  discharge  temperature  thermocouple 
probes  connected  In  parallel*    See  foldout  1* 

Circle  the  letter  of  the  correct  response  to  the  following  statementCs)* 
1*     The  thermocouple  probes  which  subtract  are 

a*      compressor  discharge  temperature  probes* 

b*      turbine  inlet  temperature  probes. 

c.      compressor  iixlet  temperature  probes* 

d«      turbine  discharge  temperature  probes. 
2.      The  thermocouple  probes  are  connected  m 

a.  series. 

b.  parallel. 

c.  serles--parallel* 
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Frame  3 


the  two  compressor  inlet  temperature  thermocouples  are 
connected  in  reverse  to  the  other  thermocouples;  therefore* 
compressor  inlet  temperature  is  subtracted  from  the  remaining 
temperature  signals.    The  results  of  all  the  temperatures  are 
sent  by  an  averaging* circuit  (one  chromel  lead  and  one  alumel 
lead)  to  the  engine  turbine  inlet  temperature  indicator  (TIT). 
The  color  code  and  polarity  for  chromel  is  white  and  is 
positive*  alumel  is  green  and  negative. 

NO  RESPONSE  REQUIRED 

ANSWERS  TO  FRAME  2:      1*    c       2.  b 


Frame  4 

The  turbine  inlet  temperature  indicator  is  located  on  the 
pilot^s  right  main  Instrument  panel*  and  provides  the  pilot  with 
a  continuous  display  of  the  turbine  inlet  gas  temperature  in 
degrees  centigrade  (^C) .    The  indicator  receives  an  electrical 
signal  from  the  engine  averaging  circuit  for  simulated  turbine 
inlet  temperature.    The  face  of  the  indicator  consists  of  a  drum 
type  counter*  which  displays  turbine  inlet  temperature*  a  scale 
which  is  graduated  from  0  to  14  (^C  X  100)  with  subdivis^^ons  equal 
to  50^C*  a  pointer  which  indicates  turbine  inlet  temperature^ 
and  an  off  flag  to  indicate  a  loss  of  power.    The  Indicator  contains 
internal  lighting  which  receives  power  from  the  instrument  lighting 
circuit.    Power  to  the  turbine  inlet  temperature  indicators  is 
supplied  from  the  28V  DC  engine  start  bus. 

Circle  the  letter  of  the  correct  response  to  the  following  statement(3) . 

1.  Turbine  inlet  gas  temperature  is  measured  in 

a.  degrees  centigrade  X  100. 

b.  degrees  Fahrenheit  X  1000. 

c.  degrees  Celsius  X  1000^ 

d.  electrical  degrees  X  1. 

2.  Turbine  inlet  temperature  indicator  power  is 

a.  115V  AC*  400Hz*  1  phase. 

b.  26V  AC* 

c.  28V  DC  from  engine  start  bus* 
d«      26V  DC  from  engine  start  bus. 
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Frame  3 

Use  foldoac  1  for  che  following  frames.    The  turbine  Itilec 
temperature  indicator  is  a  self-balancing  potentiometer  type  servo 
instrument  that  operates  from  millivolt  signals  produced  by  the 
engine  thermocouple  system.    The  signal  voltage  is  applied  to  the 
indicator  bridge  circuity  where  i^  Is  compared  to  a  reference  voltage 
signal*    The  difference  between  the  two  signals  (error  signal)^  is 
amplified  to  a  level  sufficient  to  drive  a  servo  motor* 


Circle  the  letter  of  the  correct  response  to  the  following  statement(s)« 
1.      The  signal  voltage  is  applied  to 

a*      th2  servo  assemibly, 

b.      the  potentiometer, 

c*      the  amplifier, 

d,      the  bridge  circuit, 
ANSWERS  TO  FRAME  4:      1,    a     2,  c 


Frame  6 

The  servo  motor  Is  geared  to  a  rebalance  potentiometer  which 
adjusts  the  bridge  circuit  reference  signal  to  equal  that  of  the 
thermocouple.    When  both  signals  are  equals  the  bridge  Is  balanced 
and  the  indicator  Is  at  rest.    The  servo  motor  shaft  to  the  rebalance 
potentiometer  is  also  coupled  to  the  indicator  pointer  and  dnim 
counter  through  a  gear  train.    The  pointer  is  used  to  interpret  the 
mechanical  position  of  the  potentiometer  wiper  arms  and  gives  an 
indication  in  degrees  centigrade. 

Circle  the  letter  of  the  correct  response  to  the  following  statement(s) « 
1,      The  bridge  circuit  reference  voltage  Is 
a*      a  fixed  voltage, 

b*      adjusted  by  the  rebalance  potentiometer « 
c*      adjusted  at  the  amplifier. 


d.      adjusted  to  the  back  of  the  indicator. 


m 

Frame  7 


Looking  at  the  whole  system  it  operates  as  follows:    When  a 
temperature  change  is  sensed  by  the  thermocouple  at  the  chromel* 
alumel  junction^  a  DC  voltage^  proportional  to  the  temperature 
change^  is  generated.    This  voltage  is  sent  by  the  engine  averaging 
circuit  to  the  bridge  cirt^uit  of  the  turbine  inlet  temperature 
Indicator*    This  voltage  is  compared  to  the  reference  voltage  and 
the  difference  is  sent  to  the  amplifier.    From  the  amplifier  the 
signal  is  sent  to  the  servo  motor  which  drives  the  pointer  on  the 
face  of  the  indicator.    The  drum  type  counter  is  mechanically  geared 
to  the  pointer  shaft  to  give  a  digital  readout  of  the  pointer 
indication. 


Circle  the  letter  of  the  correct  response  to  the  following  statement(s) . 
1.     The  voltage  generated  at  the  chromel-alumel  Junction  is 

a.  a  fiKed  DC  voltage. 

b.  a  DC  voltage  proportional  to  temperature  changes. 

c.  present  only  when  temperature  changes, 

d.  a  fixed  AC  voltage. 
2*      The  drum  type  counter 

a.  operates  when  temperature  exceeds  l^OOO^C  only. 

b.  is  tfl'^ctrically  connectjad  to  the  pointer, 

c.  is  independent  of  the  pointer. 

d.  is  mechanically  geared  to  the  pointer. 

ANSWER  TO  FItAME  6:      1.    b  / 


Frame  8 


A  self-test  feature  is  incorporated  in  the  turbine  inlet 
temperature  indicator.    This  is  the  only  engine  indicator  that 
has  this  self-test  feature.    This  self-test  is  accomplished  by 
applying  external  power  to  the  aircraft »  and  depressing  the 
instrument  self-test  switch  located  on  the  ground  check  panel, 
which  is  situated  over  the  left  crew  member's  right  shoulder. 
Vfhen  this  switch  is  depressed^  the  icdicator  will  drive  to  a 
predetermined  indication  (1270  (+25)  ^C)  within  eight  seconds, 
and  the  off  flag  will  renjain  out  of  view. 

CAUTION:    When  performing  this  check  on  different 
aircraft,  use  applicable  technical  orders.    DO  HOT 
rely  on  your  memory. 


Circle  the  Tetter  of  the  correct  response  to  the  following 
statement(s) . 

1*     What  indication  should  you  observe  when  you  depress  the 
instrxment  self-test  switch? 

a.  The  indicator  will  drive  to  1200^C  +  25  and  the  off 
flag  will  remain  out  of  view. 

b.  The  indicator  will  drive  to  1200^C  +  25  and  the  off 
flag  will  be  in  view. 

c.  The  indicator  will  drive  to  1270^C  +^5  and  the  off 
flag  will  remain  iti  view. 

d.  ^  The  indicator  will  4rive  to  1270^C  +  25  and  the  off 

flag  will  remain  out  of  view, 

ANSWERS  TO  FRAME  7:      1.    b       2,  d 
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Frame  9 

Match  the  items  In  column  V  to  the  functions  listed  In 
column  '*B'*  by  placing  the  correct  letter  in  the  proper  blank. 


1.  

_  Indicator 

A, 

Materials  used  in  manufacture 

•   

i  uenDOC  oup  xe 

D  • 

(WxT^tt.   ^r\AA          nn          t'tit^K^ n«i 

3.   

_     Self-^test  feature 

inlet  tempera  ture . 

4.   

Off  flag 

C 

Indicates  loss,  or  interruption 

of  power.  ' 

5.   

_     Reference  voltage 

D. 

Sensing  device  In  the  turbine 

6.   

_     Semro  motor 

inlet  temperature  system. 

7.   

Chromel^^alumel 

E. 

Compared  to  bridge  circuit 

voltage,  with  resultant  sent 

8.   

_     Rebalance  potentiometer 

to  the  amplifier. 

F,    Adjusts  reference  voltage. 

6,    Mechaaically  repositions 

pointer  and  drum  type  counter. 

H,    Drives  Indicator  to  a  pre- 
determined value  of  1270  +  25°C. 


ANSWER  TO  FRAME  8:       1*  d 

ANSWERS  TO  FRAME  9:      1.    B     2.    D     3.    H     A,    C     5.    E     6.  6 


7.    A     8.  F 

Return  to  the  beginning  of  the  programmed  text  and  review  the 
objectives.    When  you  are  satisfied  that  you  know  and  understand 
the  material,  you  will  take  an  appraisal. 

After  passing  the  appraisal  you  will  proceed  to  the  next  topic  of 
instruction. 


APPRAISAL 
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NOTES: 


2, 


3, 


4. 
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3ABR32531-WB-204 


INSPECTION,  OPERATIONAL  CHECK,  TKDUBLESHOOTING,  AND 
BENCH  CHECK  OF  TEMPERATURE  INDICATING  SYSTEMS 

SPECIAL  INSTRUCTIONS: 

WB-204  is  written  in  TWO  sections.    Section  A  provides  an 
outline  for  performing  the  inspection,  operational  check,  trouble* 
shooting  procedures  and  bench  check  of  the  resistance  thermometer 
indicating'system.    Section  B  provides  the  SAME  for  the  thermocouple 
indicating  system. 

SECTION  A 

RESISTANCE  THERMOMETER  INDICATING  SYSTEMS 

OBJECTIVES 

1^      Given  a  workbook,  tools,  test  equipment,  and  trainers, 
perform  an  Inspection  and  operational  check  of  temperature  indicating 
systems  with  an  accuracy  of  lOOZ  correct  workbook  responses. 

2.     Given  a  workbook,  test  equipment,  and  trainers,  trouble- 
shoot  temperature  indicating  systems  with  an  accuracy  of  100% 
correct  workbook  responses* 

3*      Given  a  workbook,  test  equipment,  and  trainers,  bench 
check  components  of  a  temperature  indicating  system  with  an  accuracy 
of  l00%  correct  workbook  responses. 

EQUIPMENT 

Basis  of  Issue 

3ABR325  31-^-204  l/student 

Resistance  Thermometer  System  l/student 
Trainer 

N-3A  Thermometer  T^ter  (81T27)  l/student 

Liquld-In-Glass  Thermometer  1/10  students 

Wheatstone  Bridge  l/student 

Wheats tone  Bridge  Leads  2/ student 

(Instructor's  Desk) 

Multimeter  1/ student 

TO  5E(S-3-21-3  Extract  l/student 

TO  33A1-12-15-1  Extract  l/student 

PROCEDURE 

CAUTION:    Remove  ALL  JEWELRY  before  inspecting  and  performing 
the  operational  check,  troubleshooting,  and  bench  check* 

USE  CAUTION:    When  handling  TEST  equipment  and  trainer  so  as 
NOT  to  damage  them* 

Note^    Obtain  ALL  necessary  equipment  BEFORE  starting  Lab* 


Supersedes  3ABR32531-WB-204 ,  13  January  1975,  and  3ABR37,531-WB-206, 
27  January  1975,  which  may  be  used  until  existing  stocks  are 
exhausted. 

OPR:  3360  TTG  , 
DISTRIBUTION;    X  ^  .  ^ 

3360  TTGIC-W     300;  TTVSR  -  1  ^ 


PAET  I.    IHSPECT  THE  RESISTANCE  THERMOMETER  SYSTEM 

1.  Visually  inspect  the  indicator  for  condition  by  placing  a  check- 
mark (/)  on  the  proper  blank. 

Satisfactory  Unsatisfactory 

a.  Security  of  mounting*     

b.  Broken  or  loose  glass*   '   - 

c*     Broken  or  cracked  glass*     ' 

d*     Condition  of  ^fluorescent   

markings  and  pointer* 

* 

2*     Visually  check  the  temperature  bulb  for  condition  by  placing  a 
checkmark  (/)  on  the  proper  blank* 

Satisfactory    Unsatisfactory ' 

a*     Security  of  mounting*     

b*     Cracks  and  dents*     

3*  Visually  inspect  the  wiring  for  condition  by  placing  a  checkmark 
iA  on  the  proper  blank* 

Satisfactory  Unsatisfactory 

a*  '   Broken  wires*     ' 

b.     Frayed  insulation*  ,  J_    

c*     Damaged  connectors*     

4*     Visually  inspect  the  circuit  breaker  for  condition  by  placing  a 
checkmark        on  the  proper  blank*. 

Satisfactory  Unsatisfactory 

a.  Positive  push-pull  action*     

b ,  Loose  terminals* 

c*     Cracked  or  broken  case*     

PART  II*    OPERATIOKAL  CHECK 

1*     To  perform  an  operational  check: 

a*     Make  sure  the  circuit  breaker  is  pulled  OUT, 

b*     Make  sure  all  trouble  switches  on  the  side  of  the 
trainer  are  in  the  OUT  position* 

c*      Plug  the  trainer  into  the  28VDC  outlet* 
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d.  Indicator  Indicates  (off  scale  cold   ),  (room 

temperature   ),  (off  scale  hot   ). 

e.  Push  circuit  breaker  to  the  IN  position^ 

f.  Indicator  indicates  (off  scale  cold  )^  (room 

temperature   ) ,  (off  scale  hot  )  * 

g.  Check  the  liqir^.d-in-glass  thenoometer,  located  at  the 
far  right  end  of  work  bench,  for  ambient  temperature  (room  tempera- 
ture in  centigrade). 

h.  Compare  indicator  reading  with  liquid' in-glass  thermo- 
meter reading.    The  indicator  reading  should  be  within  two  (+2) 
degrees  of  the  thermometer. 

Satisfactory   Unsatisfactory  

i.  Place  the  palm  of  your  hand  over  the  temperature  bulb. 

Cl)    Temperature  indicator  shows  an  increase  , 

decrease  ,  remains  the  same  * 


j.      Remove  the  plam  from  the  temperature  bulb. 

(1)    Temperature  Indicator  shows  an  increase   

decrease  ,  remains  the  same  . 

PART  III.  TROUBLESHOOTING 

1.  Place  trouble  switch  ffl  to  the  IK  position. 

a.     Indicator  indicates  (off  scale  cold  ),  (room 

temperature^^.        )  ,  (off  scale  hot  )  . 

2.  Place  trouble  switch  ffl  to  the  OUT  position  and  place 
trouble  switch  ff2  to  the  IM  position. 

a.     Indicator  indicates  (off  scale  cold  ),  (room 

temperature  )  ,  (off  scale  hot  ) . 

3.  Place  trouble  switch  1^2  to  the  OUT  position  and  trouble 
switch  IfZ  to  the  IM  position. 

a.      Indicator  Indicates  (off  scale  cold   ),  (room 

temperature  ) ,  (off  scale  hot  )  * 

4.  Place  trouble  switch  1^3  to  the  OUT  position  and  place 
trouble  switch  ^4  to  the  IM  position. 

a*      Indicator  indicates  (off  scale  cold   ),  (room 

temperature  ),  (off  scale  hot  ). 

5.  Place  trouble  switch  H  to  the  OUT  position  and  place 
trouble  switch  if^  to  the  IM  position. 
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a.      Indicator  Indicates  (off  scale  cold      ,  , ,)  >  (room 
temperature   )^  (off  scale  hot   . 

6.     Place  trouble  switch  if5  to  the  OUT  position  and  place 
trouble  switch  if 6  to  the  IN  position. 

a.      Indicator  indicates  (off  scale  cold  ) ,  (room 

temperature  ),  (off  scale  hot  ). 


CAUTION;    PULL  CIRCUIT  BREAKER  AND  DISCONNECT  POWER  PLUG  FKOM 
28VDC  OUTLET. 

7.  Using  the  multimeter,  connect  the  red  lead  to  the  red 
receptacle  and  the  black  lead  to  the  &lack  receptacle. 

8.  Place  function  switch  to  Ohms. 

9.  Place  range  switch  to  Ohms  X  1. 

10.  Short ^the  red  and  black  leads  together  and  zero  the 
multimeter  using  the  OHMS  ZERO  ADJUST  knob. 

11.  Disconnect  FRONT  and  REAR  electrical  connector  plugs 
on  trainer. 

12.  Place  trouble  switch  H  to  the  OUT  position  and  switch  91 
to  the  IN  position.    Troubleshoot  the  system  using  the  schematic  pro- 
vided on  the  trainer.    Place  a  checkmark  (/}  and  response  in  the 
proper  blank  spaces. 

Note:    The  trouble  may  be  found  between  the  connector  plugs. 

13.  The  location  of  the  trouble  is  wire  number  . 


14.  The  trouble  is  a  (short   ),  Can  open  ),  (crossed 

wires  ) . 

15.  Place  trouble  switch  ifl  to  the  OUT  position  and  switch  If2 
to  the  IN  position. 

16.  The  location  of  the  trouble  is  wire  number  '  . 


17.  The  trouble  is  a  (short  ),  (an  open  )^  (crossed 

wires  ) . 

18.  Place  trouble  switch  #2  to  the  OUT  position  and  switch  0^ 
to  the  IN  position. 

19.  The  location  of  the  trouble  is  wire  number  . 


20.     The  trouble  is  a  (short   ),  (an  open  )^  (crossed 

vires  ) . 


21.  Place  trouble  switch  if3  to  the  OUT  position  and  switch  ^4 
to  the  IN  position. 
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22p     The  location  of  Che  trouble  is  wire  number 


23.  The  trouble  is  a  (short   ),  (an  open  )^  (crossed 

wires   )  . 

24.  Place  trouble  switch  #4  to  the  OUT  position  and  switch  //S 
to  the  IN  position. 

25.  ^    The  location  of  the  trouble  is  wire  number  . 


26.  The  trouble  is  a  (short  ) ,  (an  open  ) ,  (crossed 
wires  ) . 

27.  Place  "trouble  switch  #5  to  the  OUT  position  and  switch  //6 
to  the  IN  position. 

28.  The  location  of  the  trouble  is  wire  number  . 


29.  The  trouble  is  a  (short'         ),  (an  open  ),  (crossed 

wires  ) * 

30.  Place  trouble  switch  96  to  the  OUT  position. 

31.  Disconnect  leads  from  multimeter.    Put  leads  and  meter 
back  in  CABXNET.  i 

32.  Give  this  workboolc  to  your  instructor.  ' 

33.  Instructor's  Signature  

PAKI  IV.    BENCH  CaECK 

^  1*  Set  up  the  N3A  Thermometer  Tester,  first,  by  placing  switch 
#2  to  -10  position*    Switch  1(7  and  93  to  the  OFF  position. 

2*      Refer  to  EJCTRACT  of  TO  5E6-3-21-3,  Section  III,  paragraphs 
3-2  and  3-3,  attached  to  the  back  of  this  workbook  for  OPERATION  of 
TESTER* 

3*     Turn  Temperature  Selector  Switch  92  to  the  temperature 
settings  corresponding  to  TEST  POINTS  listed  in  figure  4-3  of 
TO  5E6"3-21'3*  ^  , 

NOTE:    Be  sure  that  the  tester's  voltmeter  reads  2S.SVDC  for 
each  temperature  selected. 

4.     Record  tthe  actual  Indications  in  the  following  blanks 
and  place  a  checbtoark  (/)  in  the  Blank  indicating  whether  the 
indicator  is  saticft^ctory- or  misatisfactory. 


7^'  1 
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5.      ACTUAL  INDICATION 


SATISFACTORY  UNSAIISFACTOIff 


6*     After  you  have  coapleted  the  28*SVDC  cheeky  refer  to  para- 
graph 3-4g  of  TO 

Turn  the  teiaperature  selector  switch  *'2"  to  the  temperature 
settings  corresponding  to  the  test  points  listed  In  figure  U**3  of 
TO  5Efr-3-21*3- 

NOtE:    Be  sure  that  the  tester^s  voltmeter  reads  22*SVDC  for 
each  tempeiature  selected* 

8»      ACTUAL  IMDICAIIOH  SATISFACTORY  UNSATISFACTOHT 


9»     After  coiopleting  the  reduced  voltage  checks ,  turn  switch  "7" 
to  the  OFF  position* 

10*     Turn  temperature  selector  switch  "2**  to  the  OFF  position* 

11*     Disconnect  tester  from  Indicator  'and  reconnect  Indicator 
electrical  connector* 

12*     Stow  the  tester  leads  back  In  the  tester  and  put  it  back 
on  the  shelf* 


75? 

BENCH  CHECK  OF  THE  HESIStANCE  BULB 

1.  Disconnect  temperature  5ulb  electrical  connector  plug. 

2.  The  resistance  of  the  bulb  is  90.38  ohms  at  0  degrees 
centigrade* 

3.  For  each  degree  of  temperature  change,  the  resistance  of 
the  bulb  changes  .358  ohms. 

MOTE:    Check  ajnbient  room  temperature  since  c^n  increase  in 
ambient  temperature  causes  an  increase  in  resistance  of  the 
bulb  * 

4.  Check  the  ambient  room  temperature  by  taking  a  reading  on 
the  llquid^in- glass  thermometer.    The  instructor  will  show  you  where 
the  thermometer  is  located. 

5.  Ambient  temperature  is  degrees  centigrade. 

6.  Multiply  the  ambient  tein>erature  by  0.358  ohms  and  add 
this  to  90.38  ohms  that  the  bulb  has  at  zero  degrees  centigrade. 
This  will  give  the  actual  resistance  of  the  bulb  at  aiobient 
temperature. 

The  resistance  is  ohms. 

7.  Connect  the  Wheatstone  bridge  leads  to  the  temperature 
bulb  and  to  XI  and  X2  post  on  the  Wheatstone  bridge.    Don't  use  the 
alligator  clips. 

8.  Position  Gk  knob  to  the  RVH  position. 

9.  Position  BA  knob  to  the  IHT  position. 

10.  Position  the  RES-VAfi  MDR  knob  to  the  RES  position. 

11.  Position  the  "MULTIPLY  BY"  switch  lAW  the  chart  located 
in  TO  EXTRACT  33A1-12-15-1,  paragraph  lAa(2)(c),  according  to  your 
resistance  in  Step  6. 

12.  Push  the  galvanometer  pointer  lock  button  toward  dial  to 
unlock  the  galvanometer  pointer. 

13.  Turn  the  zero  adjust  knob  located  above  the  lock  button 
until  the  galvanometer  pointer  is  at  zero. 

14.  Follow  the  instructions  in  paragraphs  14b(l)  and  (2)  of 
TO  33A1-12-15-1  EXTRACT  for  measuring  resistance  of  the  temperature 
bulb.    Be  sure  to  follow  the  chart  in  paragraph  14. 

15.  The  resistance  of  the  bulb  is  ohms.  ' 

16.  Place  the  EXT,  BA,  JM  switch  to  EXT  position. 

17.  Push  the  galvanometer  loct  button  toward  the  zero  adjust 
knob  to  lock  thf.  pointer. 

18.  Disconnect  the  test  leads. 

19.  Reconnect  trainer  electrical  connector  plugs* 

20.  Put  trainer  and  test  equipment  away, 

21.  Hand  this  workbook  to  the  instructor. 

22.  S student's  Last  Name  . 


SECnOH  B 
THERMOCOUPLE  THERMOMETER  SYSTEM 

EQUIPMENT 

Thermocouple  Trainer  (Exhaust  Gas 

Temperature) 
Jet  Cal  Tester 
Multlneter 

H-3A  Thermometer  Tester 
TO  33D2'6*13«21  EXTRACT 
Common  Screwdriver 

PB0CEDURE 

CAUTION:    Remove  ALL  JEHELRY.    DO  NOT  damage  thermocouple 
thermometer  while  handling  It.    Use  CAUTION  when  uaing  test 
equipment,  ao  as  not  to  damage  it^    Use  E3CTREME  CAUTION  when 
using  the  JET  CAL  TESTER  as  the  heaters  and  thermocouples 
are  EJCTBEMELY  HOI.    TO  EXTRACTS  are  attached  to  the  back  of 
this  workbook.    When  using  TO  EXTRACTS, read  only  directed 
references.    Some  parts  of  the  TOs  are  not  necessary  for 
completing  this  project* 

PART  I*  INSPECTION 

1.  Visually  inspect  the  indicator  for  the  following  conditions  by 
placing  a  checkmark  {A  on  the  proper  blank* 

SATISFACTORY  UNSATISFACTORY 

a.  Security  of  mounting.  *  *   

b.  Broken  or  loose  glass.     

c.  Damaged  case.     

d*     Condition  of  dial  and  pointer.  

2.  Visually  inspect  the  wiring  for  the  following  condition,  by 
placing  a  checkmark  (/)  on  the  proper  blank. 

a*      Frayed  wires.     

b .     Broken  wires .     


c.      Loose  terminals. 


3.  Visually  inspect  wiring  harness  and  thermocouples^  for  condition 
by  placing  a  checkmark  (/)  on  the  proper  blank. 

a*     Connector  for  security*    J  

b.  Connectors  and  harness  for     

damage . 

c.  Bent  or  broken  thermocouples.     

d.  Variable  resistor  for  dents     

or  cracks.  ^  v 


Basis  of  Issue 
l/student 

1/student 
l/student 
1/student 
l/student 
1/student 


PAKT  II.    OPERATIONAL  CHECK 

1.  Adjust  EGT  Indicator  to  ainbient  (room)  temperature,  using 

.  the  screwdriver  to  turn  the  adjustment  on  the  back  of  the  indicator. 

2.  Perform  the  EGT  system  functional  check  by  refarring  to 
instructions  in  the  lid  of  the  jet  caX  tester*  items  1  through  11. 

KOTE:    Hang  heater  probe  over  back  of  work  bench  while  heating 
heater  to  500*C. 

G^UTIOK:    Set  the  degree  Centigrade  scale  at  ambient  temperature 
and  as  the  temperature  of  the  probe  increases,  increase  the 
temperature  setting  of  the  degree  centigrade  scale  knob  so  as 
to  keep  gailvanometer  ^1  pointer  between  the  figure  10  on  the 
left  and  zero  on  the  galvanometer  scale. 

a.  As  the  47?^  Centigrade  mark  comes  into  view  on  the 
degree  Centigrade  scale,  set  the  degree  Centigrade  scale  at  500^ 
then  start  slovly  turning  the  temperature  regulator  counterclockwise 
until  the  galvanometer  Is  ZEROED  at  500^C. 

CAUTION:    Always  keep  galvanometer  pointer  on  the  lighted  scale 
to  prevent  damage  to  galvanometer. 

NOTE:    Call  instructor  to  aid  you  in  performing  heat  rise  ^ 
check. 

b.  Heat  rise  indication  on  ALL  FOUR  thermocouples  Is 
Satisfactory  ,  Unsatisfactory  . 

3.  CONNECT  the  other  three  (3)  heaters  to  the  junction  box. 

a.  PLACE  heater  probes  over  thermocouples  on  EACH  side  of 

trainer. 

b.  Be  SURE  the  insulation  DOES  MOT  touch  the  heaters  or 
thermocouples . 

c.  Follow  instructions  in  the  lid  of  the  jet  cal  tester 
(12  to  18)  for  the  EGT  indicating  system. 

*   4.     Aftdr  temperature  has  stabilized,  check  the  EGT  indication 
against  the  degree  Centigrade  scale  on  the  tester. 

a*     EGT  indicator  should  read  500*  (plus  ambient  tempera- 
ture) +  20  degrees  tolerance* 

b.  '   Syatem  is  Satisfactory  >  Unsatisfactory  * 

V  '  PART  III.  TROUBLESHOOTING 

1.     Place  trouble  switch  ifl  to  the  IN  position. 

a.      Indicator  reads  high  ,  low  ,  anbient 

temperature  . 
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2.     Place  trouble  switch  ^1  to  the  OUT  position  and  place 
trouble  switch  ItZ  to  the  IH  position. 


,  low 


,  ambient 


a.      Indicator  reads  high 
temperature  * 


3*     Place  trouble  s:wltch  ^2  to  the  OUT  position  and  place 
trouble  switch  ^3  to  the  IN  position* 


a.     Indicator  reads  high 


,  low 


,  ambient 


temperature  * 

4.  Place  trouble  switch  ^if3  to  the  OUT  position. 

5.  Place  SW-6  to  the  mechanical  zero  position. 

6.  Turn  temperature  regulator  fully  counter  do  ckcflae  to 

Zero. 

7.  Place  SW^l  to  OFF  position  and  set  degree  Centigrade  knob 
to  21  *C. 

8.  Disconnect  power  cable  from  electrical  supply  and  from 
tester.    Replace  cap  on  receptacle. 

9.  Disconnect  heater  cable  from  tester  and  junction  box  and 
replace  cap  on  receptacle  on  testsr. 

10.     Stow  All  cables  in  bottom  of  tester. 

11*     Disconnect  heater  probe  leads  from  junction  box  and  stow 
junction  box  In  the  bottom  of  the  tester. 

12.  Remove  heaters  from  thermocouples  and  stow  heaters  In 
special  rack  In  the  top  o£  the  tesiter. 

CAUnOH:    Heaters  are  still  HOT.    Do  ^T  touch  the  metal. 
DO  MOT  damage  heaters  or  thermocouples. 

13.  Disconnect  leads  from  Indicator. 

Place  TC  switch  on  trainer  to  OUT  position. 

15.  Connect  leads  to  multimeter  and  zero  multimeter  on  XI 
range  scale* 

16.  Check  the  readings  between  the  wires*    (Normal  Readings ») 
Positive  wire  reads           ohms.    Negative  wire  reads  ohms. 
Positive  lead  to  negative  lead  is  ohms. 

a.     Troubleshoot  between  terniinal  bus  and  disconnected 
leads  from  Indicator. 

17*     Place  trouble  switch  #1  to  the  IH  position.    The  trouble 
la:     Circle  correct  response  and  fill  in  OHMS  Value  for  *^hat  trouble. 

11 


7S3 


%3 


a.     An  open  wire,   ohms. 

h,     High  resistance,   ohms* 

c.     Shorted  wires,   ohms* 

18.  tlace  trouble  switch  itl  to  the  OUT  position  and  place 
trouble  switch  92  to  the  IH  position.    The  trouble  is: 

a.     An  open  wire.  ohms. 

h.     High  resistance.  -„„  ohms. 

c.     Shorted  wires,  ^  ohms. 

19.  Place  trouble  switch  fiZ  to  the  OUT  position  and  place 
trouble  switch  1^3  to  the  IH  position.    The  trouble  is: 

a.  An  open  wire.  ohms. 

b.  High  resistance,   ohms, 

c.  Shorted  wires,  ohms. 

20.  Place  trouble  switch  $2  to  the  OUT  position. 

21.  Disconnect  leads  from  multimeter  and  turn  function  switch 
to  DC  volts  and  the  range  switch  ALL  the  w^y  to  the  RIGHT. 

22*     Put  multimeter  back  in  the  cabinet. 

PAM  IV.    BENCH  CHECK 

1.  Obtain  a  H-3A  thermometer  tester  from  bottom  shelf. 

2.  To  PREVENT  DAMAGE  to  the  Indicator  during  test*  c'heck 
the  H^3A  thermometer  tester  to  make  sure  that  the  switch  numbers 

2,  7*  and  3  are  turned  to  the  OFF  position  Before  connecting  tester 
to  thermocouple  Indicator. 

3.  REFER  to  EXTRACT  of  TO  33D2-6-13^n,  Section  IV,  para- 
graphs 4-2  through  4-5  and  figure  1  for  operation  of  the  H-3A 
thermometer  tester. 

a.  For  BENCH  CHECK  of  the  indicator,  read  paragraphs 
4-8  and  4-9  and  follow  the  steps  of  the  worksheet. 

b.  Look  at  back  of  indicator  for  system  resistance. 

c.  Read  ojily  those  portions  o£  paragraphs  that  have 
HEAVY  VERTICAL  LINES  along  the  Border. 

4*     Scale  Error  Test 

a.     DO  HOT  tap  glass^  tap  Indicator  before  recording 
each  reading. 

12    .  . 


J 


Test  Point 

Tolerance 

200*^0 

+ 

30^C 

400 ''C 

+ 

20^*0 

500  ^'C 

20^*0 

600*  C 

+ 

10*  C 

700*C 

+ 

5*C 

800*C 

i 

10*C 

1000*C 

i 

20*C 

3. 

Friction  Error  Test 

Add  ambient  temperature  to  switch  it2  readings. 

Satisfactory  Unsatisfactory 


76y 


Note:  The  reading  shall  be  noced  at  each  test  point  before  tap 
and  after  tap.    Tap  the  Indicator  llghci/. 

Check  Point       Before  Tap     After  Tap     Tolerance        S  U 


200"  C 
SOO'C 
700  *C 
1000 °C 


+  IS'C 
+  15°  C 
+  15°C 
+  IS'C 


4.     Position  Error  Test 


Move  Che  Indicator  to  the  positions  listed  In  the  fol- 
Xheck  Point       Right  Bank  90 


a. 

lowing  chart. 


700*C 
700*  C 
700"  C 
700*  C 


Left  Bank  90* 


45"  Climb 


45"  Dive 


Tolerance  /-  Satisfactory  Unsatisfactory 
+  25'C  


t  25°  C 
+  25"  C 
+  25"  C 


5.     Zero  Adjust  Test 

a.      Set  the  indicator  on  700°C  and  operate  the  zero  adjust 
screw  on  the  back  of  the  indicator.    The  pointer  on  the  indicator  shall 
not  move  less  than  40"C  above  and  below  the  700'C  reading.    The  total 
motion  of  the  pointer  shall  not  exceed  200"C. 
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b.     The  indicator  is  satisfactory 


,  unsatisfactory 


6.  Reset  the  pointer  to  the  700''C  mark  on  the  indicator. 

7.  Turn  30-position  and  the  8-position  switch  to  OFF. 

8.  Disconnect  the  test  equipment. 

Note;  Connect  leads  to  proper  terminal  posts  and  place  TC 
switch  to  "IN"  position. 

9.  Put.  trainer  and  test  equipment  away. 

10.      Student's  Name   
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T,Ot  6X8->9-ll-l  Section  QI 

Pftr««nph0  3-1  to  S-4 

SECTION  III 
mi  PROCEDURE 


Z'U  CALIBRATING  PROCXDURB* 

a,  THtrt&rtt  two  i^MtHcdt  of  aUttmUtaic  tht  RaiioiD- 
eter  dttcriM  h«r«lo*  The  ftrM  nutbod  r«|air«i  a 
dtcade  r«el«Uit€«  Imw,  rtuoiUt,  and  dlr«ct«cttrrfnt 
voltagt«9plrejtli9wnliift(ur»^U  WtthUtUintibod, 
thedtcti*  r«»taUA|?«  hox  uadjttJtadtoibirMlitanet 
r«iulrtdtodtfl«ctttolUtloiiititrp&titor  to  cacli  ctU- 
brstton  polBt,  iMOgurtS-:, 

b,  Tht  licond  mtlhod  of  catlbnUnf  tlit  IUikMi«Ur 
r«(|utri«  tlw  o<  tlM  f  1TS1  T»«Ur,  la  ttla  Taator, 
prMlalon  rattilMa  art  Mlactlvflr  avttdMd  Uto  tlw 
bulb  arm  of  tha  clrfu4t  by  uaam  of  ^la  tanptfiiara 
ieltctor  twltefu  raatitattCia  attaetad  bf  thla 
switch  corraapoMl  to  tba  mluaa  ftmt  la  ttfura  S-1, 
Th*  voUaft  ratalmd  laeuniUadtgraataiafnalbattarr, 
la  idjuatad  bf  a  rli%Mitat»  aodla  ladlcatad  aa  tba  aaU* 
contfttntd  Yoltmatar ,  Cottptatadlraelloaaara  fonitahtd 
with  aach  Taatar* 

c,  Thff  Idltowliiclnftractloaatifabaaadoatfaattaaof 
tha  Tetter,  If  a  XaaUr  )/$  not  avaUabU*  avbttttuta 
tht  dacada  raalataaea  box  att-ap  aod  folbnr  valnaa  of 

figure  3-2, 

3-2,  CoQuct  RaClc^tr  to  I1T3T  Taatar^  utlagtfaa 
^r-plnadiptar at^ipliadwUh  tha Taattr,  Ham  oum* 
\  UrB  ia  <|uotaa  art  tdtoUUcaUoa  luunbara  aocra¥ed 
}  UthapBoaloftba  Tfatar,  TufD  aivUcb*'r  to  "LEFT 
^  SINGLE**,  Tutn  twitch  **T*  to  34v  lad  adlaat  rbao- 
Mat5"9aiid9*  tiatfliraltmaiar*T*  tndtetua  II*  9 
ThatopraUaiinaryitaptaratobafoUwadforaU  taat 
i  tt»diiHta  axcapt  tt^i,  whao  pafforjaJAf  tha  raducid 
vulttttft  taai  Oparagvafb  9*8^  9}^  rhaoatit  la  to  ba  id- 
jufited  tutil  vottmator  ladteataa  tl*  9  valta* 


3-  3,  Tttratamparitwtaatactorawltch^'3**to  Umptr- 
aturapolntacorrejspoiidliiftoUatpoloUUattdtn  figurt 

4-  3aiid  racord  rtadlng  of  RattonwUr, 

NOTE 

Alwaya  tap  Ratlomatar  Ugbtly  whaa  taUiic  raid* 
laga»  and  ba  aura  to  hold  It  Intfaauomialopar- 
atlnc  poatttoo* 

Ratloqiatara  fduod  to  ba  wttUa  totaranca  and  aatdtd 
no  fkirthtr  adfuatmaiit  may  ba  aaalad  and  tvacuatad. 

3^,  CAUBRATIOK  ADJUffrilSHTS;  POTENTIOM- 
XTXB8, 

a.  llaka  firat  idluatmaat  at  eantar  ot  acaU*  With 
RatloBittar  cwaactadaa  la  paiafraph  3-I,  ttmi  Teat* 
ar  tampf  imtura  awttch  to  <fiC  aad  nota  polntar  read- 
iagt  AdQuat  polntar  to  read  <fiC  bf  turaluf  tba  cea- 
tariof  potaotlooMtar  (aaa  JQffura  3-9)*  Uaa  a  aold- 
•rlnf  Iron  to  ahUt  potaattoowtar  cUpaonalidawlra* 
Ba  cartalo  cUp  la  aaotralr  aoldarad  to  aUdawtra 
altar  id}uatmtata* 

b.  Tarn  tampaitatura  awtch  to  -70  and  4fiO  and  not- 
raadinfa,  Raadliifa  MU  ladleata  whether  acale  anda 
abottld  ba  expended  or  contracted*  For  example.  If 
polnur  fqeato  -68  at  loir  and  of  acale  aad  >4t  at  tUtJi 
eady  tba  aeale  enda  ahould  ba  expanded*  Tun  expan- 
alon  potaattometer  (eae  flfure  3-9)  to  expand  acate 
eoda,  Occaalonallr  It  will  be  naceeaary  to  readjuat 
thacantarlnf  poteatlomatar  after  a<}uatla(aaUeenda, 


RATtOMeTER. 


ZB,5  VOttOC  SOURCE 


(0 


TEST 


-A/vV^  RHEOSTAT 

KOR  VOLTAGE 
COKTROt 
ZOO  It 


OECAOe 

RESISTANCE 

SOX 


Flcure3-L  Wring  Diagram  for  Tedting  Rattometer  with 
Decade  Realatanca  Qox  ^ 

15  737 


TO  5E6-3-21-3 


g*  When  correct  readings  have  been  obtained 
at  all  points  with  28.5  volts  applied,  lower 
the  voltage  to  22.5  volts  and  take  a  set  of 
readings.    The  readings  obtained  with  22.5 
volts  applied  may  vary  from  the  corresponding 
readings  with  28.5  volts  applied.  Variation 
tolerances  are  listed  In  figure  3*2  under 
"Seduced  (22.5  7olts)V.    For  6xaiiq>le,  If  the 


obaerved  error  at  +10  was  one  degree  with  28.5  ||||^ 


I    WAHMIWQ  _i 

Vfttvt  '*B"  miiit  be  optned  SLOWLY,  otbir* 
wtaa  ib«  ftudden  inruah  of  air  wodil  htm  tta 
net  ott  ihm  Jar. 

a.  Dry  tii*  fUttomittr  thorougblr  by  bknrtncvttli 
compretMtf  ttr  and  ptaclnc  tt  ta  a  VfiC  Utf^f)  ma 


volts  applied,  then  the  error  pemisalble 
at  this  point  would  be  two  degreea  with  22.5 
volts  applied* 

h.  When  all  calibration  procedures  have  been 
completed,  make  a  final  vlaual  inapectlon  of 
the  Ratlomater  to  be  certain  that  no  foreign 
partlclea  are  In  the  movement  and  that  all 
connectlona  are  securely  soldered.  Fasten 
the  caae  asaetnbly  (11,  figure  2*4)  and  shield 
(10)  to  the  base  aasembly  (39)  with  case  re** 
talnlng  screws  (12)  and  shield  retaining 
screws  (6).    Ratlometers  axe  now^eady  for 
sealing,  evacuation,  and  helium  filling  pro** 
cedures. 

3-6.  FINAL  LEAK  TEST, 

a.  Place  Ratlometer  In  dealccator  jar,  cover 
It  with  water,  and  connect  dealccator  jar  to 
vacuum  -ptxmp,  gage,  and  two-way  valve  as 
ahown  in  figure  3*3. 

b.  Cloae  valve  *'B**  and  open  valve  "A".  Draw 
a  vacuum  allghtly  greater  than  25mm  of  mer* 
cury  (about  one  Inch)  for  one  minute,  or 
until  the  water  ceaaea  to  give  off  air  bub* 
blea,  whichever  Is  longer. 

c.  Close  valve  "A"  and  slowly  open  valve  *'B'* 
allowing  preaaure  to  Increaae  to  63  mm  of 
mercury  (about  two  and  one-half^.inchea), 
then  cloae  valve  "5'*. 

d.  Examine  Ratlometer  carefully  for  leaks, 
watching  for  a  contlnuoua  flow  of  bubbles i 
coming  from  within  the  case.  Do  not  con* 
fuae  bubblea  which  are  ^  result  of  entrapped 
air  on  various  parts  of  the  case  with  bubbles 
caused  by  a  leak. 

d.  Slowly  open  valve  "B''  until  preaaure  In 
the  jar  rlaes  to  atmoapherlc. 


f.  U  a  teak  waa  obMrvtd*  repair  it  aco<nrdlB(  tote* 
stncttoM  |l¥in  In  pmfrmpb 

3*7.  riKALOPERATIOHALTSSr. 

a.  Thlatiitfi  to  be  perfonnad  m  ooin|>tetol]r*itaiiid 
Ratloinitara  to  laiuri  saUafafiiory  optratkm  betota 
ihfpnifat,  ftcwfa^  or  taataliaUon^ 

b.  Conoact  Ratlomotar  to  tlttt  Ttftar  or  dtcada 
rttl«tanctbo]i  sat^uvw  Tatsi  a  icala-tnor  taatataU 
potato  diBtipuUad  on  tlfora  3*2  «a  initractad  to  ] 
ffapha  3*3  to  3^-3, 

c.  WhUa  tbi  Battometor  to  comtctod  to  toat  i  , 
mtnt,  dbackpoiltlOB  trroraalnitrictod  In  pacipaffc. 
3*13,  t. 

3-8.  PACKING  AFTER  OV£BHAUU 

a.  Um  StoacUkatlon  PPB-B-t36  Type  I,  Claaa  t 
carton  7*1/3  x  7*1/2x7-1/2  iochei*  Iaa«rtapad 
of  vlght  Inch  wide  ftva  foot  lone  t>r  ooa-^halt  lach 
thick,  S^fcUlc&ttonPPP.C*8i3ATyp6  2.  cnpacuUtt* 
lose  wtdding  In  hotlom  of  cartoa. 

U,  Wrap  Indtcator  in  ctif%  ciUuloat  waddlnathraa 
tttebMwkIt  bf  ttn  toot  long  by  cat^halt  inch  thtekind 
plact  in  cai^toit 

c*  Plae«  unuttitr  pad  of  vlght  loch  wldt  bf  tlfm  fod^ 
toofbr  oot-h«U  inck  thick  crap«  caUuloat  waddlof  c 

top  of  ladtcatof. 

d  Siat  cartoa  with  dpecUlcattoaUU-T-lttapt; 
NOTB 

Topr6V«iiidamifatoJ«watofladplvota,NEVSR 
ihv  i  Rattomtur  uatoia  It  bu  a  mlatoMim  of 
two  laohti  of  cuihtoalnf  material  on  aU  ildta» 
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IV 


ELECTRICAL  WDOTANCI  TYPE  TUntMOUITiar  PiftMtt.  MtBt 

THE  aWTRUCnONI  COKTAINXD  )N  PRICDIHO  ItCTlOMI  Of  THIS  OAMDSOOK 
APPLY  CXCZPT  FOR  THE  XUFPtRBNCtf  UtRD  W  TBB  DATA  mtT. 

LBAOINC  ffARTlCULARS  RXPAIR  OR  RSPLACIMtNT.  SuM  M  lot  WISL 

Scale  lUn^r  70to  <«.150<>C  LUBRICATK)K.  Nom  ptrmtttod. 

M»ak  MarkilK    Sarfut  Tantp,  RBAaOEHBLY.  Suds  m  Utt  MSBS. 

Otwratlng  Yottage  U.  5  VoltB  tfe 

Itttlb  Curve  M.  St  ohmi  at  OOCUI^r)  BALANCINO  PROCmURI.  fciM  M  for  ItSSa,  m- 

intdrml  WlrliK   aMllcur«3«0  toltfUMt  !•  -1.0^. 

i#  for  loMit 

SPECIAL  TOOLS.  SitM  M  tor  MlBS.  nHALUAKTIST.  flwitwtorMSn, 

DISASSEMBLY.  Santa  la  for  16182.  TRRTIMC  (afttr  ovaxhuiO.  teM  M  fdr  16SB1,  ««. 

ea^  fdr  tht  fdUowiat: 

CLEANING,  famt  a«  for  162B2.  u  ForcaUbrttli«proetdiir«avttli  d«etd«  rMlataoet 

box^  UM  tht  Mm*  oonnactloM  ahowa  la  ftfora  3-l« 

INSPECTION.  Santa  aa  loT  l«3a3.  but  oaa  taat  poiota.  raaUtaaeaa,  aad  taat  tol«raaeaa 

In  (Ifura  4-1. 

TESTING (durlflffovarhaul).  Sftmaaafor  lUBS,  ax*  b.  FbrctllbraUii«proc«4ar«a«ilh«lT37T«iter,  U>\- 
ccpt  tallow  appllcabU  si»ol  vatuaa  la  (tcura  3-7.  low  taat  polnU  and  toUrancaa  flvan  la  UfMrt  4-S. 

)  .  •  ■ 


Taat  Polfit 

TOtERAHCZS  t  DEGREES  CEMTKlRADt 

Oflffraat  Ct^tltrada 

Ohma 

Normal  (U.SVttfta) 

•Radueod  (3S.BVotta) 

-10 

M.37 

4.3 

3.0 

•30 

60.M 

3.0 

J.0 

0 

Mi.  38 

2.0 

2.0 

«M 

100.91 

2.0 

2.0 

*«0 

ISO.  36 

2.0 

2.0 

>130-  - 

137. 78 

3.0 

3.0 

1S1.91 

4.0 

3.0 

*T1i««e  to(«ranc«it  zn  with  r««p«ct  to  mdlngi  obienrvd  at  ooroul  voltagt. 

Figure  4*3*  Ttmiwnubir*  vt  Rtsittuct  Vtloit  and  Test  TOMrmitc«t 
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1  volt  through  1  megohm*  When 
using  the  4Js  volt  internal 
battery,  one  megohm  of  resist- 
ance will. cause  the  p  ^nter  to 
deflect  4^  scale  divisions* 


b*  Shorts  and  Crosses*    Wires  in  cable 
coimnonly  arranged  in  pairs  (A«fig*5)*Axi 
electrical  path  between  two  wires  of  the 
saiae  pair  is  consnonly  called  a  short*.  An 
electrical  path  between  two  wires  of  ad^ 
jacent  pairs  is  commonly  called  a  cross 
CC,flg.5)  Test  for  a  short  or  a  cross  as 
follows: 

(1)  Prepare  the  test  set  CaCl)-C4) 
above* 

(2)  Disconnect  all  equipment  from  the 
far  end  of  the  cable. 

(3)  Connect  one  of  the  wires  to  be 
tested  to  the  ground  binding  post 
and  press  the  GA  SEHS  1  switch* 
Touch  each  of  the  other  wires  in 
the  cable  to  line  binding  post  XX. 
The  galvanometer  will  deflect 
strongly  when  the  other  faulty  wire 
contacts  line  binding  post  and  will 
show  no  deflection  with  vires  not 
shorted  or  crossed. 

c.    Open  Conductor* 

(1)  Perform  aCD  through  (5)  above* 

(2)  If  the  wires  to  be  tested  are  In 
lead-covered  cable,  connect  the  far 
end  of  the  wires  In  the  cable  to 
the  cable  sheath.    If  the  cable  is 
not  lead-covered*  connect  the  far 
end  of  the  wires  to  a  good  ground*. 

(3)  Press  GA  SMS  1  switch  and  touch 
each  of  the  wires  at  the  near  end 
(one  at  a  time)  to  line  binding  post 
XI*    The  galvanometer  will  deflect 
for  all  wires  except  any  that  are 
open* 

U,    MEASUREMENT  OF  LOOP  OR  UHKNOWN  RESISTANCE 
Measure  the  resistance  of  a  loop  (two 
lengths  of  wire  joined  at  the  distant  end) 
or  of  any  electrical  component  (resistors, 
transformers,  etc*)  as  follows: 
a.   Preparation  for  Test. 


1  «rtiiiiati  at  po#>' 

tanee  to  be  mm^ 

vmi  and  lat  tfai  IfULTIPLy  BT 

4t«t  u  indiisfttid  btifa*  Adkmiw 

1 

1000 

10I»1OO  

1 

100 

1 

10 

1 

1 

10. 

1 

lOOi 

lOMDOte  Wl!,i)00„  

1 

(1)  Adjust  the  galvanometer  (par. 10a) 

(2)  Position  the  test  set  controls  (fig. 
as  follows i 

(a)  GA  switch  to  RVM. 

(b)  RES-VAR-MUR  switch  to  RES. 


3) 


(8)  Hake  the  followitiff  cotinectiona: 

(a)  If  the  resistance  of  a  loop  ia  to 
be  metaumt,  dioeoiiiieet  all  cqytp* 
meiit  from  the  near  end  of  the  loop 
and  connect  one  wire  of  the  loop 
to  line  binding  poet  XI  and  the 
other  wire  to  line  binding  post  X2 
(A.  ftff.  5>.  Be  sure  that  the  wire* 
connected  to  the  test  set  are  dean 
and  are  fUinly  secured  to  the  bind* 
intr  posts.  Have  all  equipment  die* 
omneetvd  fronr  the  far.  end  of  the 
loop  knd  a  short  placed  acrosf  the 
drcoit  at  that  end. 

(h)  If  the  resistance  of  an  electrical* 
component  is  to  be  measured*  con* 
nect  the  cmiponent  across  line  bind- 
ing poeti  XX  and  X2. 

Buiancing  th^  Bridge. 

(1)  Position  the  thouaands*  hundreds^ 
tens,  and  units  decade  dials  (tig*  3} 
to  settings  that  total  the  estimated 


TAoo  mu 


to  ^341-12-15-1 
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resistance  to  be  measured  divided  by 
the  setting  of  the  MULTIPLY  BY  dial. 
From  Step  6 

Example:    If  the  estimated  resist- 
ance to  be  measured  is  500  ohms,  the 
setting  of  the  MULTIPLY  3Y  dial 
must  be  1/10  (chart  in  a  above); 
therefore  the  positions  of  the  decade 
dials  must  total  5,000. 


Estimated  resistance 
to  be  measured 

Setting  of 
MULTIPLY  BY  dial 


500 


'  5,000 


(2)  Press  the  GA  SENS  .01  switch  and 

note  the  direction  of  movement  of  the 
galvanometer  pointer.    If  it  moves 
to  the  right,  increase  the  resistance 
total  of  the  decaee  dials  until  it  does 
not  TOve  from  zero  when  the  GA 
SENS*01  switch  is  pressed.    If  the 
pointer  moves  to  the  left,  decrease 
the  resistance  total  of  the  decade  dials. 
Repeat  the  above  procedure,  using  the 
GA  SENS  .1  and  then  the  GA  SENS 
1  Switches.    The  test  procedure  is 
complete  when  the  GA  SENS  1  switch 
is  pressed  and  the  pointer  does  not 
move,  in  either  direction.    Under  these 
conditions,  the  bridge  circuit  in  the 
test  set  is  said  to  be  balanced* 

c.     Resistance  Determination.    The  unkaowa 
resistance  is  equal  to  the  sum  of  the  decade 
dial  settings  multiplied  by  the  setting  of  the 
MULTIPLY  BY  dial* 

Escample:    If  the  bridge  is  balanced  when  the 
sum  of  the  decade  dial  settings  is  5^137  and 
the  MULTIPLY  BY  dial  is  set  at  1/10,  the 
resistance  connected  across  the  line  binding 
post  is  5,137  X  1/10  or  513*7  obms  (decomal 
I  point  moved  one  place  to  left).    If  the  MUL- 
I  TIPLY  BY  dial  is  set  at  l/lOO,  move  the 
'  decimal  point  two  places  to  the  left  (51.37 
ohms);  for  1/1000,  move  the  decimal  point 
three  places  to  the  left  (5*137  ohms).  For 
10/1,  add  one  zero  to  the  reading  (51,370 
ohms)  and  for  lOO/l,  add  two  zeros  (513,700 
ohms) . 

15.    Simple  Loop  Test  for  Locatliig  Short 

A  simple  method  of  locating  a  short  is  to  de-^ 
termine  the  resistance  of  the  short,  from  resist- 
ance measurements  from  each  end  of  the  shorted 
circuit,  and  use  the  resulting  resistance  value 
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and  the  known  resistance  per  mile  or  feet 
per  ohm  of  the  type  of  wire  in  the^ faulty 
circuit  to  compute  the  resistance  from  eac) 
end  to  the  fault.    When  a  fault  has  been 
identified  as  a  short,  have  all  equipment 
disconnected  from  both  ends  of  the  circuit 
and  proceed  as  follows: 

a.    Determination  of  Loop  Length  (Test  1,  fig. 
5).    If  the  length  (distance  from  test  point 
to  far  end)  of  the  faulty  loop  is  not  known, 
compute  it  as  follows: 

(1)  Measure  the  loop  resistance  of  a  good 
pair  in  the  cable  (par.IA) 

(2)  Determine  the  loop  length  in  miles 
by  dividing  the  resistance  per  loop 
mile«(par*  33)  into  the  loop  resist- 
ance* .  To  compute  the  loop  length  in 
feet,  multiply  one-half  the  loop  re- 
sistance by  the  number  of  feet  per 
ohm  of  the  wire. 

b*    Measurement  from  Test  Point  to  Short 
(Test  2,  fig*  5).    Connect  the  shorted  pair 
to  line  binding  posts  XI  and  X2  and  balance 
the  bridge*    Record  the  resistance  measure* 
ment* 

Note:    This  resistance  is  equal  to  the  re- 
sistance of  the  short  plus  the  resistance 
of  the  shorted  circuit  from  the  test  point 
to  the  fault. 

c.    Equivalent  Measurement  from  Far  End 
(Test  3y  fig*  5)*    Have  a  good  cable  pair 
connected  to  the  shorted  pair  at  the  far 
end.    Disconnect  the  shorted  pair  from  the 
test  set,  connect  the  good  pair  to  line 
binding  posts  XI  and  X2,  and  measure  the 
resistance  of  this  circuit  arrangement.  Sub- 
tract the  loop  resistance  Ca(l)  above)  from 
the  test  3  resistance  measurement  to  obtain 
an  equivalent  resistance  measurement  from 
the  far  end  of  the  shorted  circuit. 
Hote:    This  resistance  is  equal  to  the  re- 
sistance of  the  short  plus  the  resistance 
of  the  shorted  circuit  from  the  far  end  to 
the  fault* 

d*  Resistance  of  Short.  Subtract  the  loop 
resistance  (a(l)  above)  from  the  sum  of  the 
resistance  measurement  from  each  end  of  the 
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SECTION  IV 
OPERATING  INSTRUCTIONS 


4-L  PHELlMINAny  CHECKS, 

4-2*  To  prevent  damage  to  an  Indicator  during  test, 
check  that  the  30-poaltloa  ewltch  33,  the  S^flUlon 
switch  S7  and  the  4-^altion  swttch  $3  are  turned  to 
OFF  before  connecting  the  tester. 

4-3.  CABLE  CONNECTIONS.  The  two  black  cables 
marked  ^  and     (with  cl^3}and  red  and  black  insula- 


tors at  Ihe  ends^  are  used  for  testing  thermocouple-^typif 
meters,  and  for  measuring  the  resistance  uf  Ihermo- 
couples  and  associated  leads.  The  single  cable  with 
the  connector  fitting  at  the  end  Is  used  ^cn  testing 
resistance -type  meters. 

4-4,  CONTROLS, 


4-5.  Table 
operation. 


n  Hats  and  describes  controls  used  in 


TAfiLE  n 
CONTROLS  AND  FUNCTIOW 


CONTROL 


REFERENCE 
3VMBOL 


FUNCTIOW 


Interlock  Switch 
Measurement  Meter 


Temperature  Selector 
Switch 


SI 
52 


COARSE  ADJUST 
INDICATOR 


FINE  ADJUST 
INDICATOR 


Thermocouple,  Res* 
Thermometer 
LEAD  RES.  CHECK 
SwUch 


R51,  R52 


RS3,  R&4 


S7 


Interlock  switch  which  breaks  power  circuits  ^n  lid  Is  closed. 

Meter  used  as  an  Indicator  for  standardizing  measurements,  and 
for  checking  the  ci»idltlon  ot  the  batteries* 

Selects  the  various  temperature  calibration  points  on  the  scale  of 
the  30-posltlon  switch* 

The  outer  portion  of  the  dial  ts  divided  into  three  sections;  the 
yellow  section  is  used  to  test  lron*constantaii  thermocouple  ther* 
mometers^  the  green  section  Is  used  to  test^chromel-alumel 
thermocovq)le  thermometers  and  the  red  section  Is  used  to  teat 
copper *constaiitan  thermocouple  thermometers* 

The  Inner  portion  of  the  dial  Is  divided  Into  two  sectlims;  the  left 
side  Is  used  to  check  Indicators  reading  0*C(33*F)  at  90*38  ohms 
resistance  and  the  right  side  is  used  to  check  Indicators  reading 
0"C(32"F)  at  50*00  ohms* 

COARSE  adjustment  control  for  circuit  of  measurement  meter 
Ml*  Provide  proper  power  regulation  as  indicated  on  the  stand- 
ardizing meter  for  resistance  ^thermometer  and  thermocouple- 
thermometer  test  circuits* 

FINE  adjustment  control  for  clrci^t  ol  measurement  meter  ML 
Provides  proper  power  regulation  as  indicated  on  the  standard- 
izing meter  for  resistance* thermometer  and  thermocouple- 
thermometer  test  circuits* 

An  S-posltlon  resistance  and  voltage  selector  swUch  can  connect 
either  2  ^  0«  05  ohms,  8  0. 05  ohms»  or  22 1  0. 05  ohms  in  series 
with  the  thermocouple  indicator  upder  teat* 

The  switch  without  any  series  resistance  provides  means  for 
testing  the  thermocouple  indicator  and  its  external  circuit  on 
aircraft. 


The  switch  provides  means  for  selecting  the  lead  resistance 
check  circuit  for  measuring  the  resistance  of  thermocouples  and 

associated  leads*  ^ 

*  ^ 
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TABLE  n.  CONTROLS  AND  FUNCTIONS  —  (Continued) 


CONTROL 

REFERENCE 
SYMBOL 

FUNCTION 

The  switch  also  provides  meuie  for  selecting  either  12  or  24 
volts,  as  required,  for  testing  resistance<type  thermofneters. 

LEAD  RESISTANCE 
Selector  Switch 

S3 

A  4-position  switch  controlling  the  switching  of  precision  resist- 
ances in  the  tescer  as  required  for  measuring  2,  6  and  22  ohm 
thermocouple  lead  circuits. 

ERROR  IN  OHMS 
Control 

R55,  R$6 

A  resistance  control  employed  for  balancing  the  tester  bridge 
circuit  when  measuring  thermocouple  lead  resistance  (balance 
noted  on  measurement  meter  H*l)  and  for  registering  the  error 
existtngln  the  particular  lead  circuit  being  meaeured.  Measures 
over  range  of  -1  ohm  to  4  1  ohm. 

Lead  RealsUncc 
Cwecy  dwiccn 

SO 

A  eafety  switch  employed  to  protect  measurement  meter  M-t 
iront  oeing  aamageo  oue  xo  severe  unoatances  when  measuring 
thermocouple  lead  resistance.   When  near  balance  the  switch 
circuit  is  closed  which  shorts  out  circuit  series  protective  re- 
sistance. 

LEFT  AND  SIHGLE- 
RICHT  Switch 

S8 

A  2-posltlQn  shortlag-tjrpe  selector  switch,  ^en  set  to  LEFT 
AND  SINGLE  position^  resistance  thermometer  Indicators  of  the 
slngte^englne  type  can  be  tested,  and  the  left*hand  scale  of  dual* 
type  indicators.  When  set  to  the  right  position,  rig^t*hand  scale 
of  dual^type  indicators  can  be  tested. 

ZERO  ADJUST 

*  Adjusts  needle  on  measurement  meter  to  zero. 

4-0.  OPERATION.   (a»c  figure  4-1). 

'  4-7.  An  indicator  may  he  chorki^l  In  the  airplane  or 
on  the  bench. 


4-8.  AIRPLANE  TEST, 

a.  Place  the  tester  near  the  instrument  to  be  tested, 
on  a  fairly  level  and  firm  surface  and  open  the  lid  of 
the  instrument. 

b.  Remove  the  glass  thermometer  from  ti^e  lid  of 
the  Instrument  and  hang  It  near  the  indicator  being 
tested,  so  that  It  will  reach  the  temperature  of  the 
Instrument. 

"Tc.  Determine  which  type  of  thermocouple  Is  used'T' 
[with  the  Indicator,  ( 

'd.  Disconnect  the  *  side  of  the  thermocouple  at  the  . 
indicator,  and  clip  the  *  (red  insulator)  alligator  clip 
from  the  tester  to  the  4  terminal  of  the  indldator. 
Cdnnect  the  side  *  side  (black  Insulator)  to  the  dis- 
connected thermocouple  lead. 
e«  Turn  the  ZERO  ADJUST  of  the  Indicator  so  that 
It  reads  the  same  temperature  as  the  glass  thermom- 

NOTE 

This  is  what  Is  known  as  the  Cold  Junction 
Temperature,  and  must  be  subtraeted  from 
the  subsequent  test  readings.  The  tester 
applies  mitlivoltage  based  on  2ero  degrees, 
(chromeNalumel  thermocouples),  therefore 
the  tester  will  make  the  indicator  read  to 
hlg^  by  the  amount  the  Cold  Junction  Tem^ 
perature  isabove  0'*C(32*F).  For  copper^con* 
stantsn  thermocouples  20*C  (66*F)  Is  the  refer- 
ence temperature.  "21 


f.  Set  the  pointer  of  the  30-posUion  switch  to  th* 
.starting  temperature  oir  the  scale  corresponding  to-^ 
the  thermiicouple  of  the  indicator  and  the  starting  I 
point  of  the  Indicator  S^alc.   (Stmie  scales  start  :it  | 
200  deKreeii  In8tead  of  2cro).  | 
"^g.  Turn  the  ZERO  ADJUST  of  the  meter  M-l  on  tho^"^ 
panel  of  the  tester,  until  the  pointer  Is  directly  over 
the  tine  at  the  2ero  (left)  end  of  the  scale. 

h.  TUm  the  8*posUion  switch  to  AIRPLANE  TEST  0 
ohm.  _ 

t.  Adjust  the  COARSE  and  FINE  rheostats  until  the 
pointer  of  the  meter  M^l  on  the  tester  is  over  the 
red  line  at  the  right  end  of  its  scale. 

J.  The  indicator  should  read  the  same  temperature 
as  that  on  the  tester,  switch  2,  plus  the  Cold  Junction 
Temperature. 

k.  Continue  for  ail  the  following  positions  of  the 
Indicator  Scale.  Make  sure  that  the  pointer  of  the 
meter  H-1  on  the  tester  ts  over  the  red  line  at  each 
poeitlon.  The  indicator  must  agree  with  the  tester 
plus  the  Cold  Junction  Temperature  within  the  toler- 
ance specified  fQr^^U^,]|,ii|gi^or. 

9.  BENCH  TEST, 
The  procedure  in  this  test  is  the  same  as  the; 
panel  test  ejo^ept  that  the  meter  Is  off  the  panel  and 
disconnected  from  the  thermocouple.  Check  the  Cold 
Junction  Temperature  with  the  glass  thermometer 
and  adjust  the  indicator  to  this  value. 

b.  Connect  the  clips  from  the  tester  directly  to  the 
meter  terminals,  red  to  4,  black  to  -, 

c.  Turn  the  8-positlon  switch  to  the  value  of  2  ohms,. 
8  ohms,  or  22  ohms,  which  equals  the  resistance 
the  thermocouple  used  with  that  particular  meter* 

a.  Proceed  with  the  test  ai^  described  under  para 
graph  4-a.  c,  f,  i,  j  and  k. 

:'?3 
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FOREWORD 

This  programmed  text  was  prepared  £or  use  in  the  3ABR32531  and 
3ABR32632B  instructional  systems  and  was  validated  using  31  students 
enrolled  in  the  3ABR32331  and  3ABR32632B  courses.    At  least  90 
percent  of  the  students  achieved  the  objective  as  stated.  The 
average  time  required  to  complete  this  text  is  52  minutes* 

OBJECTIVE 

Without  references,  identify  facts  pertaining  to  the  purpose* 
operation,  and/or  characteristics  of  a  fuel  flow  indicating  system 
with  an  accuracy  of  at  least  80%. 

INSTRUCTIONS 

This  programmed  text  presents  information  in  small  steps  called 
"FRAtlES*"    After  reading  the  information  in  each  frame*  you  are  asked 
to  actively  respond  on  the  response  sheet  provided.    Check  the 
accuracy  of  your  response  with  the  correct  answerCs)  that  are  given 
after  the  following  frame*    If  you  make  an  incorrect  response*  study 
the  frame  again  before  going  on  to  the  next  frame;  DO  NOT  HURRY  1 
DO  NOT  WRITE  IN  THIS  PTl 
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Frame  1 


Ttie  fuel  flow  system  measures  the  rate  of  fuel  flow  to  the 
aircraft  engines  in  pounds  per  hour  (PPH)*    Although  the  fuel  flow 
system  Is  not  absolutely  essential  for  safe  aircraft  operation^  It 
Is  one  that  is  extremely  important  in  flight  planning*    The  fuel  flow 
system  aids  the  pilot  In  many  ways^  but  one  of  the  most  important 
ways  is  to  aid  him  In  establishing  cruise  control*    You  can  see  that 
If  the  pilot  knows  exactly  how  much  £cel  Is  being  consumed  by  each 
engine*  he  can  determine  x^ether  or  not  he  has  sufficient  fuel  to 
reach  his  destination*    The  fuel  flow  system  also  indicates  an  engine 
malfunction  to  the  pilots    This  engine  malfunction  becomes  apparent 
when  the  rate  of  fuel  flow  is  either  too  high  or  too  low  for  a  given 
throttle  setting.    If  the  amount  of  fuel  used  per  hour  is  too  low» 
the  pilot  knows  that  his  engine  Is  not  producing  normal  power*  On 
the  other  hand*  If  the  amount  of  fuel  per  hour  Is  too  hlgh>  the  pilot 
knows  that  the  engine  Is  using  too  much  fuel  and  that  he  must  monitor 
his  total  fuel  more  closely* 

Circle  the  letter  of  the  correct  answer(s)t 

It     The  purpose  of  the  fuel  flow  Indicat'lng  system  is  to  measure 
fuel  flow  in 

a.      gallons  per  minutet 
bt     gallons  per  hour^ 

c.  pounds  per  minute. 

d.  pounds  per  hour* 


Ill 

Frame  2 

For  a  sicigle  engine  aircraft,  the  compocients  ici  the  fuel  flow 

system  consist  of  a  fuel  flow  transmitter  (figure  1)  and  an  individual 

indicator  (figure  2), 

The  fuel  flow  indicating  system  for  a  multi-angine  airplane  requires 
one  additional  component,  a  total  fuel  flow  indicator  (figure  3).  Each 
engine  has  a  transmitter  and  an  individual  indicator  to  show  how  much 
fuel  is  being  consumed  by  each  individual  engine.    The  system  has  a 
totalizer  indicator  so  that  the  pilot  can  look  at  this  one  instrument 
and  tell  how  much  of  the  total  fuel  is  being  consumed  each  hour. 


Figure  3, 
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Frame  2  (Continued) 

Refer  to  figures  1  through  3  and  circle  the  letter  of  the  correct 
response  to  the  following  statement. 

1*      \n  eight  engine  aircraft  would  have  eight  transmitters  and 

a.  two  individual  indicators »  and  one  totalizer  indicator* 

b*  four  individual  indicators >  and  two  totalizer  indicators* 

c*  six  individual  indicators*  and  two  totalizer  indicators* 

d*  eight  individual  indicators*  and  one  totalizer  indicator* 


Answer  to  Frame  li    1*  d 
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r  r^e 

Ttie  individual  fuel  flow  indicator  (figure  2)  indicates  a  rate 
or  fuel  flow  from  0  to  12,000  pounds  per  hour  (PPH) .    Each  digit  (1* 
2,  etc)  is  niultiplied  by  1^000  pounds  per  hour  of  fuel  flow.    From  0 
to  3  there  are  ten  (10)  increments  (marks)  from  one  digit  to  another. 
Therefore^  these  increments  equal  100  PPH  of  fuel  flow.    Prom  3  to 
12  each  mark  or  digit  equals  1>000  PPH. 

Circle  the  letter  of  the  correct  responses  to  the  following 
staremen ts. 

1.  The  individual  indicator  will  indicate  fuel  flow  from 

a.  0  -  120  pounds  per  hour, 

b.  0  -  120  pounds  per  minute. 

c.  0  -  i|000  pounds  per  hour* 

d.  0  -  12*000  pounds  per  hour. 

2.  The  individual  indicator  in  figure  2  indicates  the  rate  of 
fuel  flow  is 

a.  1^^300  PPH. 

b.  10 » 300  PPH. 

c.  100*300  PPH 


Answer  to  Frame  2;    1.  d 
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Frame  A  7^0 


The  totalizer  indicator  has  two  pointers.    The  long  narrow:  pointer 
is  read  exactly  like  the  pointer  of  the  Individual  fuel  flow  indicator* 
previously  explained.    The  short  wide  pointer  indicates  a  fuel  flow 
rate  of  10,000  PPH  from  one  digit  to  the  next. 


Figure  A.  Figure  5. 

Refer  to  figures  4  and  5  and  circle  the  letter  of  the  correct 
responses  to  the  following  statements. 

1.  The  totalizer  indicator  (figure  4)  indicates  a  fuel  flow 
rate  of 

a.  1^825  PPH. 

b.  10 > 825  PPH. 

c.  20,825  PPH. 

2.  The  totalizer  indicator  (figure  5)  indicates  a  fuel  flow 
rate  of 

a.  1^200  PPH. 

b.  10^200  PPH. 

c.  21,000  PPH. 


Answers  to  Frame  3;    1.    d     2.  a 


Frame  5 

Xlxe  fuel  flow  transmitter  has  two  sections*    These  are  the  fuel 
measuring  section  "2**  and  the  electrical  section  "1*"    Figure  6  shows 
the  two  sections.    These  sections  are  separated  by  a  leak  proof  seal 
"H"  which  consists  of  a  metal  plate  between  fuel  section  and  electrical 
section.    The  transmitter  changes  the  rate  of  fuel  flov  to  an  electrical 
signal.    Figure  6  also  shows  some  of  the  units  of  the  transmitter  that 
will  be  discussed  in  later  frames. 


Electrical 
Section  *'l'* 


Fuel  Measuring 


leak  proof 
seal  H 


Figure  6. 

Circle  the  letter  of  the  correct  response  to  the  following 
statement. 

1.     The  fuel  flow  transmitter  changes  rate  of  fuel  flow  to 

a.  an  electrical  signal. 

b.  a  mechanical  signal » 

c.  a  hydraulic  signal. 


Answers  no  Frame  4;    1*    a     2.  b 
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Frame  6 


Fuel  enters  the  transmicter  at  the  fuel  inlet  (Port  A),  (See 
figure  7.)    The  arrets  show  the  path  of  flow  through  the  metering 
chamber  **E/'    A.s  the  fuel  flows  through  the  chamber,  it  moves  the 
metering  vane  '*F."    The  shaft  that  has  the  vaiie  mounted  on  it  is 
connected  to  the  calibrated  spring  *'6."    This  spring  works  in 
opposition  to  the  vane  movement  and  helps  to  dampen  the  movement  of 
the  vane.    The  spring  returns  the  vane  to  HO  FLOW  position  when  the 
fuel  flow  stops* 


OUTPUT      ^^yJT^^^L^  FUEL  INLET  CP^RT  Pi) 


Figure  7. 

Circle  the  letter  of  the  correct  responses  to  the  following 
statements. 

1.  The  calibrated  spring 

a.  aids  fuel  flow* 

b.  aids  vane  movement. 

c*  opposes  the  fuel  flow* 
d.      opposes  vane  movement. 

2.  l^en  fuel  flow  is  shut  off,  the  calibrated  spring  moves 
the  vane  to  the 

a*     no  flow  position. 

b.  full  flow  position* 

c.  mid  range  flow  position. 


Answer  to  Frame  5:    1.  a 


733 

Frame  7 


The  metering  chamber  of  the  transmitter  is  a  spiral  chamber*  You 
will  notice  in  figure  8  that  this  chamber  is  not  concentric  (distance 
between  the  vane  and  spiral  chainber  varies  as  the  vane  moves).  This 
provides  for  a  higher  indication  of  fuel  flow  with  less  vane  movement 
at  the  high  range  of  the  indicator*    As  an  example,  the  vane  moves  through 
the  first  130*  to  provide  a  fuel  flow  indication  of  0  to  3,000  pounds  per 
hour,  and  the  vane  moves  through  the  last  48*  to  provide  a  fuel  flow 
indication  of  3>000  to  12,000  pounds  per  hour. 


Circle  the  letter  of  the  correct  responses  to  the  following 
statements. 

1.  When  the  vane  moves  through  the  first  130*  of  the  spiral 
chamber,  the  fuel  flow  indication  will  be 

a.  0  to  30  pounds  per  hour» 

b*  0  to  300  pounds  per  hout. 

c*  0  to  3000  pounds  per  hour* 

d*  3,000  to  12,000  pounds  per  hour. 

2.  The  last  48*  of  vane  movement  will  provide  a  fuel  flow 
Indication  of 

a»     0     3>000  pounds  per  hour. 

b»     0  -  30,000  pounds  per  hour. 

c«      3,000  to  12,000  pounds  per  hour. 

d.      3|000  to  120,000  pounds  per  hour* 


Answers  to  Frame  6i    1*    d     2»  a 


CLOSER  TO  VANE 


SPIRAL  CHAMBER 


FARTHER  R?OM  VANE 


Figure  8» 


10 


Frame  8 


As  a  safety  precaution^  the  transmitter  is  equipped  vith  a  bypass 
relief  valve.     (See  figure  9.)    The  valve  is  of  the  spring  type  and 
will  open  any  time  the  rate  of  fuel  flow  exceeds  the  flow  limits  of  the 
transmitter*    This  valve  allows  fuel  to  bypass  the  measuring  section 
and  reach  the  engine  if  the  movable  vane  becomes  stuck  or  there  is  a 
surge  in  fuel  pump  pressure* 


Circle  the  letter  of  the  correct  response  to  the  following 
statement* 

!♦      The  purpose  of  the  relief  valve  is  to 


BY-PASS  RELIEF  VALVE 


Figure  9# 


b* 


maintain  a  constant  fuel  pressure* 
relieve  low  fuel  pressure^ 
relieve  sudden  surges  of  fuel  pressure, 
stay  open  at  all  times  during  opera tion> 


Answers  to  Frame  7:    1.  c 


2* 


c 


11 


?«5' 

Frama  9 


Attached  to  one  end  of  the  vana  shaft  is  a  ring  magnet*    A  ring 
magnet  is  shown  in  figure  lOA*    The  movable  vane,  calibrated  springy 
and  ring  magnet  are  all  sealed  within  the  fuel  metering  chamber  of  the 
measuring  section  in  figure  lOA*    The  vapor  proof  seal  placed  over  the 
ring  magnet  keeps  fuel  from  the  electrical  section  of  the  transmitter, 
figure  lOB*    The  vapor  proof  seal  also  contains  the  mount  for  the 
pinion  gear*    Attached  to  this  pinion  gear  is  a  bar  magnet  in  figure 
lOB  and  10C#    This  arrangement  is  called  magnetic  coupling*  Even 
though  a  thin  metal  wall  separates  the  two  magnets,  the  bar  magnet 
will  align  Itself  with  the  magnetic  field  of  the  ring  magnet  due  to 
the  magnetic  attraction  between  the  two*    When  the  ring  magnet  Is 
rotated  by  the  movable  vane  shaft,  the  bar  magnet  Is  repositioned 
and  turns  the  pinion  gear* 


RING  MAGNET 


BAR   _m  ^ 

MAGNET     LSJ  ^ 


N 


^ftlNG  PINION  GEAR 

""magnet 


SAR  MAGNET 


 !!C"--^-   -        -  .  - 


Figure  10. 
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Frame  9  (Continued) 


Refer  to  figure  10  and  circle  the  letter  of  the  correct  responses 
to  the  following  statements* 

It     The  purpose  of  the  magnetic  coupling  is  to  transmit  motion 
from  the  fuel  metering  chamber  to  the  electrical  section  by 

a«  mechanical  linkage* 

b*  electrical  transformer  action* 

c*  attraction  of  like  magnetic  poles* 

d*  magnetic  attraction  between  ring  and  bar  magnets. 

2*      The  movable  vane*  ring  magnet*  bar  magnet^  and  the  pinion 
gear  make  up  the  magnetic  coupling  and 

a*  turns  the  vane  when  fuel  flow  changes* 

b*  opens  the  relief  valve  when  fuel  flow  changes* 

c*  drives  the  pinion  gear  when  fuel  flow  changes* 

d*  drives  the  pinion  gear  when  fuel  flow  is  constant* 


Answer  to  Frame  8:    1*  c 

13 


Frame  10 


Figure  11  below  shov;s  an  open  view  of  the  electrical  section  of 
a  multisynchro  fael  flow  transmitter  commonly  used  on  multi-engine 
aircraft  t    This  open  vieij  shows  axi  of  the  units  in  the  transmitter 
except  the  measuring  section  (fuel  section).    The  electrical  section 
also  includes  the  unit  necessary  to  operate  a  totalxi:er  indicator* 
The  units  shown  in  figure  11  include  an  adjustable  synchro  transformer 
(A),  movable  vane  piaion  gear  (B) >  sector  gear  (C) ,  linear  synchro  with 
pinion  gear  (D) »  transmitter  synchro  (E) ,  and  an  autotransformer  (F) * 

B 


F 

Figure  11* 


Refer  to  fig'*"e  ii  and  circle  the  letter  of  the  correct  response 
to  the  following  >atements. 

1,     The  sector  gear 

a,      drives  the  movable  vane  pinion  gear, 

is  driven  by  the  movable  vane  pinion  gear^ 
c,      is  driven  by  the  synchro  pinion  gears ^ 


Answers  to  Frame  9:    1.    d      2,  c 


m 

Frame  11 

The  vane  movement  of  the  transmitter  is  transferred  through  the 
magnetic  coupling  to  the  vane  pinion  gear.    The  three  segmented  sector 
gear        is  meshed  with  the  pinion  gear  at  point  (B),    The  other  two 
segments  of  the  sector  gear  mesh  with  the  gears  that  drive  the  rotor 
of  the  transmitter  synchro  (E)  and  the  rotor  of  the  linear  synchro 
(D).    ^^hen  the  vane  moves >  the  pinion  gear  moves,  driving  both  synchro 
rotors  by  movement  of  the  sector  gear*    Refer  to  figure  11. 

Refer  to  figure  11  and  circle  the  letter  of  the  correct  responses 
to  the  following  statements. 

1.  The  rotors  of  the  transmitter  synchro  and  linear  synchro 
are  moved  by 

a*      magnetic  attraction* 

b.  magnetic  repulsion. 

c.  the  movement  of  the  sector  gear. 

2.  The  pinion  gear  is  moved  by 

a.      a  mechanical  connection. 
ht     magnetic  attraction, 
c.      magnetic  repulsion.^ 


Answer  to  Frame  10:    1.  b 
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Frame  12 


The  transmitter  synchro  consists  of  a  3-phase  wye-connected  stator 
with  a  two  pole  electromagnetic  rotor.    This  is  the  same  type  synchro 
chat  has  been  studied  earlier  in  the  synchro  pressure  indicating  system 
programmed  text.    See  figure  12  for  a  schematic  of  the  transmitter 
synchro.    This  synchro  is  used  to  transmit  the  fuel  flow  signal  to 
the  individual  synchro  indicator.    Notice  that  the  rotors  of  the 
transmitter  and  indicator  are  connected  to  a  26V  AC  400  Kz  single- 
phase  power  source.    The  diagram  also  shows  that  the  rotor  is 
mechanically  linked  to  the  vane.    As  the  vane  is  moved^  the  rotor  will 
move  and  induce  a  voltage  into  the  stators  of  the  transmitter  synchro. 
This  in  turn  will  send  a  signal  to  the  stators  of  the  individual 
indicatorr    The  rotor  of  the  indicator  will  be  repositioned  and  in 
turn  reposition  the  indicator  pointer. 
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Frame  12  (Continued) 


Refer  to  figure  12  and  circle  the  letter  of  the  correct  responses 
to  Che  following  statements  4 

1.  The  26V  AC  AOO-Hz  single-phase  p  iwer  is 
a*      used  to  move  the  vane* 

b*     connected  to  the  rotor  of  the  transmitter  synchro, 
c*      connected  to  the  stator  of  the  transmittar  synchro, 
d*     connected  to  the  indicator  and  transmitter  rotors. 

2.  When  the  vane  moves  1  a  voltage  is  induced  in  the  stator  of 
the  transmitter  synchro  and  sends  a  signal  to  the 

a*     synchro  of  the  individual  indicator, 
b*     rotor  of  the  transmitter  synchro, 
c.    'vane  of  the  transmitter  synchro. 


Answers  to  Frame  11:    1.    c     2.  b 
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Frame  13 


The  linear  synchro  In  the  tr^nsmicter  produces  the  signal  that 
operates  the  totalizer  indicator*    The  rotor  of  the  linear  synchro  is 
energised  with  electrical  power  from  the  aircraft  power  supply  via 
the  auto  transformer.    Only  two  leads  o£  Che  stator  are  connected  In 
the  circuit.    A  signal  ratio  o£  1  volt  per  thousand  pounds  of  fuel 
flow  must  be  maintained  within  the  linear  synchro  for  proper  indlca-* 
tlons  to  be  displayed*    Figure  12  shows  the  linear  synchro  In  a  fuel 
flow  transmitter* 

Circle  the  letter  of  the  correct  responses  to  the  following 
statements* 

1*     The  totalizer  indicator  operates  on  the  signal  that  Is 

a*      produced  by  the  synchro  transmicter* 

b*      supplied  by  the  aircraft  AC  power  system* 

Ct      produced  by  the  linear  synchro* 

2*      The  stator  of  the  linear  synchro  has 

a*  all  three  leads  connected* 

b*  two  leads  connected* 

c*  two  leads  and  the  rotor  connected. 

d«  all  three  leads  and  the  rotor  connected. 


Answers  to  Frame  12:    1.    d      2.  a 

13 


Frame  lA 


Since  only  a  small  amount  of  rotor  movement  takes  place  when  the 
rate  of  fuel  flow  exceeds  3>000  pounds  per  hour,  a  means  of  stepping 
up  the  linear  synchro  output  is  necessary.    This  is  done  by  a  switch 
that  is  actuated  by  a  two  lobed  cam  attached  to  the  rotor  shaft  of 
the  individual  synchro  assembly.    This  switch  is  called  the  Hi-Lo 
switch  or  the  range  switch*    When  the  rate  of  flow  exceeds  3>000 
pounds  per  hour>  the  switch  is  repositioned  from  the  low  position 
to  the  high  position  by  the  mechanical  linkage  (dotted  line  from  the 
rotor  shaft  of  the  individual  synchro)  and  allows  a  higher  voltage  to 
be  applied  to  the  rotor  of  the  linear  syr.'thro.    This  in  turn  will  send 
a  stronger  signal  to  the  totalizer  indicator  causing  it  to  read  higher. 
See  figure  13  for  switch  in  low  position  and  figure  lA  for  switch  in 
high  position. 

Circle  the  letter  of  the  correct  responses  to  the  following 
statements* 

I4     The  Hi^Lo  switch  is  positioned  to  the  Hi  or  Lo  position  hy 
the  movement  of  the 

a,  movable  vane* 

b,  rotor  shaft  of  the  linear  synchro* 

c,  rotor  shaft  of  the  individual  synchro* 

2.     When  the  Hi-Lo  switch  is  moved  to  the  Hi  position 

a,     a  stronger  signal  is  sent  to  the  totalizer  indicator, 
ht     a  weaker  signal  is  sent  to  the  totalizer  indicator, 
c,      there  is  no  change  in  the  signal  sent  to  the  totalizer 
indicator* 


Answers  to  Frame  13:    1.    c     2.  b 
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ftam  15 

The  aucocrans former  supplies  che  low  excicacion  volcage  co  the 
linear  synchro  rotor.    The  transformer  is  energized  by  26V  AC  from 
che  aircraft  power  supply.    See  the  heavy  black  lines  in  figure  13, 
I^hen  the  range  switch  is  positioned  co  che  righc»  a  low  excicacion 
voltage  will  be  supplied  to  the  linear  synchro  rotor  from  the  center 
cap  of  che  transformer.    This  low  volcage  is  used  for  rates  of  flow  from 
0  to  3,000  PPH.    As  che  rate  of  flow  exceeds  3»000  PPH,  the  switch  moves 
CO  the  left>  figure  lA,  and  a  higher  voltage  is  applied  to  the  rocor. 
The  switching  of  the  rotor  excitation  voltages  is  necessary  to  raaincain 
che  1  volt  per  1>000  pound  per  hour  ratio  within  the  linear  synchro. 
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Figure  13.  ^^8"" 

Circle  cha  letter  of  the  correct  responses  to  the  following 
statemen ts. 

1.     The  autotransformer  supplies  low  excitation  voltag-i,  via 
che  range  switch,  to  the  rotor  of  che 


a.  individual  synchro, 

b.  adjustable  transformer* 

c.  linear  synchro. 

2.      The  autotransformer  along  with  the  Hi-Lo  switch  maintains 
1  volt  per  1,000  pounds  per  hour  ratio  wichin  che 

a.  linear  synchro, 

b.  autotransformer, 

c.  adjustable  transformer* 

d.  range  switch  . 

Answers  to  Frame  14:    1.    c      2,  a 
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Frame  16 

The  adjustable  transformer  is  a  synchro  unit  used  only  as  a  variable 
transformer  in  the  circuit*    When  this  synchro  is  installed  at  the 
factory,  the  rotor  is  adjusted  and  locked  in  position  to  provide  a  zero 
signal  output  from  the  linear  synchro  when  the  transmitter  is  at  a  NO 
FLOW  PPH  condition*    Refer  to  -'igure  13*    Erotica  that  the  secondary  of 
the  adjustable  transformer  is  :n  series  with  the  stator  o£  the  linear 
synchro*    Since  only  two  leads  of  the  stator  are  connected  in  the 
circuit,  only  two  leads  (££(J)  appear  at  the  electrical  connector  plug. 

Circle  the  letter  of  the  correct  responses  to  the  following 
statements* 

1*     the  rotor  of  the  adjustable  transformer 

a*  is  locked* 

b*  turns  with  the  stator* 

c*  turns  opposite  the  stator  movement* 

d*  is  locked  Co  use  as  variable  resistor* 

2*     The  adjustable  transformer  provides  a  zero  signal  output 
from  the 

a*      auto trans former  when  the  transmitter  is  at  a  NO  FLOW 
condition* 

b*      individual  synchro  when  the  transmitter  is  at  a  NO 

ROW  condition* 
c*      linear  synchro  when  the  transmitter  is  at  a  NO  FLOW 

condition* 

d*      linear  synchro  when  the  transmitter  is  at  a  FULL  FLOW 
condition* 


Answers  to  Frame  15:    1^        .  2*  a 
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Frame  17 

The  individual  indicator  synchro  is  connected  electrically  to  the 
synchro  *'A"  in  the  transmitter.    There  is  a  transmitter  and  indicator 
for  each  engine,  on  multi-engine  aircraft,  see  figure  15.    This  figure 
shows  a  single  engine  schematic  that  is  typical  of  ALL  engines.  As 
the  movable  vane  is  displaced  by  fuel,  the  rotor  "R"  of  the  synchro 
txansinitter  is  moved.    This  sends  an  electrical  signal  to  Che  indi- 
vidual indicator  stators  which  cause  the  magnetized  rotor  in  the 
indicator  to  align  with  the  transmitter  rotor.    The  rotor  the 
indicator  synchro  turns  the  pointer,  indicating  the  amount  of/«e-L 
flow  in  pounds  per  hour,  see  figure  16.    The  rotor  of  the  individual 
synchro  is  a  two  pole  elscttomagnet  similar  to  the  one  in  the  trans- 
mitter synchro. 
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Franie  17  (Concinued) 


Circle  che  letter  of  the  correct  responses  to  the  following 
scacements* 


1*     An  electrical  signal  is  sent  to  the  individual  Indicator(s) 
by  che  movement  of  the 


a*      cransmicter  synchro  rotor. 

adjustable  transformer* 
c*      linear  synchro  rotor* 
d*      E  £t  J  leads* 

2*     The  rotor  of  the  individual  indicator  is  a 


a*  two-pole  permanent  magneto 

b.  two-*pole  electromagnet* 

c*  four^pole  permanent  magnet* 

d*  four^pole  electromagnet* 

3.     The  individual  indicator  in  figure  16  is  indicating  a  fuel 
flow  of 


a*  13,000  PPH* 
b*  10,300  PPH* 
c*      1,300  PPH* 


Answers  to  Frame  16:    1*    a     2.  c 
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Frame  18 


As  previously  stated,  there  is  one  transmitter  and  one  individual 
indicator  for  each  engine*    If  there  are  four  engines,  there  are  four 
transmitters;  four  linear  synchros  (E&J)  connected  in  series  to  indicate 
total  fuel  for  all  four  individual  indicators.    See  figure  17  below*  ^Jow 
ve  are  going  to  add  a  totalizer  indicator  to  the  system*    The  purpose  of 
this  totalizer  indicator  is  to  indicate  the  total  amount  of  fuel  flow 
tor  all  engines  in  pounds  per  hour*    The  total  fuel  flow  indicator 
consists  of  two  synchro  units,  a  two-phase  motor-generator  unit,  an 
amplifier  and  a  gear  traint    Two  pointers  on  the  indicator  indicate  the 
total  fuel  flow-  in  pounds  per  hour  for  all  engines.    The  range  of  this 
indicator  is  from  0  to  100,000  pounds  per  hour.    Figure  17  shows  the 
electrical  schematic  of  a  four  engine  aircraft  fuel  flow  system.  Notice 
chat  the  linear  synchros  of  the  four  fuel  flow  transmitters  are  con- 
nected in  series,  and  the  electrical  signal  that  represents  total  fuel 
flow  is  applied  to  pins  A  and  E  of  a  total  fuel  flow  indicator* 
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Frame  13  (Continued) 

Circle  the  letter  of  the  correct  responses  to  the  following 
stetemants« 

1«      The  purpose  of  the  totalizer  indicator  is  to  indicate  the 
total  fuel  flow  of  ell  engines  in 

e,  gallons  per  minute* 

h*  gallons  per  hour, 

c,  pounds  per  minute, 

d,  pounds  per  hour* 

2,     The  linear  synchros  In  the  fuel  flow  transmitters  of  a  four 
engine  aircraft 

a,  are  connected  In  series, 

b,  are  connected  in  parallel. 

c,  operate  separate  totalizers. 

d,  operate  the  individual  indicators. 


Answers  to  Frame  17:    1.    a     2,    b  3* 
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Frame  19 


Th^^  totalizer  indicator  contains  a  signal  amplifier.    This  amplifier 
receives  and  amplifies  the  signal  from  the  linear  synchros  in  the  engine 
fuel  flow  transmitters.    The  sum  of  the  signal  received  from  the  trans- 
mitter are  applied  to  the  grid  of  VI,  Triode  Amplifier  Tube,  figure  18, 
The  amplified  signal  is  used  to  run  a  two-phase  motor  in  the  totaliser 
(totali2er  fuel  flow  indicator). 


Figure  18* 

Circle  the  letter  of  the  correct  response  to  the  follofwing 
statement* 

1.      The  amplifier  is  used  to  amplify  the  signal  from  the 

a*  auto trans former* 

b,  adjustable  transformer, 

Ct  lltiear  synchro  in  the  transmitters* 

d.  individual  synchro  in  the  transmitters. 


Answers  to  Frame  18:    1*    d     2,  a 
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Frame  20 


The  totalizer  motor-generator  unit  consists  of  a  two-phase  Induc- 
tion motor  and  a  rate  generator*    The  fixed  phase  of  the  motor  receives 
its  reference  voltage  from  the  transformer  In  the  Indicator.  The 
variable  phase  receives  its  voltage  from  the  output  of  the  signal 
ampllfler>  see  figure  18.    The  rotor  of  the  rate  generator  receives 
Its  reference  voltage  froa  the  transformer.    The  variable  phase  output 
is  used  as  a  signal  dampening  feedback  signal  to  the  amplifier.  This 
prevents  the  motor  from  overtravellng^  which  would  cause  an  oscillation 
movement  of  the  pointer  on  the  dial. 

Circle  the  letter  of  the  correct  responses  to  the  following 
statements. 


1.     The  variable  phase  of  the  two-phase  motor  receives  its 
voltage  from  the 


a.  adjustable  transformer. 

b.  amplifier. 

c.  transformer. 

d.  linear  synchro. 

2.      The  fixed  phase  of  the  motor  has 

a.  6  volts  applied  to  it. 

b.  18  volts  applied  to  it. 

c.  26  volts  applied  to  It. 

d.  115  volts  applied  to  it. 


Answer  to  Frame  19:    1*  c 
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Frame  21 


The  totalizer  indicator  transformer  is  a  multi-tap  transformer 
which  supplies  the  necassary  voltages  for  indicator  oparation^  The 
cransformer  receives  its  primary  volcaga  from  the  aircraft  power  source 
(26V  AC)  C  terminal.    Output  voltages  of  115,  18,  and  6  volts  AC  are 
available  from  the  transformer*    The  115V  AC  output  is  supplied  to 
the  plate  of  the  amplifier  tube.    The  6V  AC  output  of  the  transformer 
is  supplied  to  the  heater  of  the  amplifier  tube.    The  18V  AC  output 
is  supplied  to  the  fixed  phase  of  che  induction  motor  and  the  rotor 
of  the  rate  generator,  see  figure  19 * 


Figure  19, 


Refer  to  figure  19  and  circle  the  letter  of  the  correct  response 
to  the  following  statements « 

1.     The  totalizer  indicator  transforme'*  receives  its  voltage 
from  the 


a.  26V  AC  power  source. 

b.  28V  DC  power  source. 

c.  llOV  AC  pother  source* 

d.  115V  AC  power  source. 
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Frame  21  (Continued) 

2*     The  fixed  phase  o£  the  induction  motor  and  the  rotor  of  the 
rate  generator  have 

a.  6V  AC  applied  to  them. 

b.  18V  AC  applied  to  them. 

c.  26V  AC  applied  to  them* 
d*  IISV  AC  applied  to  them. 

3.  The  necessary  voltage  for  the  totalizer  indicator  operation 
is  supplied  by  the 

a.  rate  generator* 

b*  linear  synchro* 

c*  Jjidlcator  transformor* 

d*  adjustable  transforraer. 

4.  The  plate  of  the  amplifier  tub;±  has 

a.  6V  AC  applied  to  it* 

b.  18V  AC  applied  to  it. 

c.  26V  AC  applied  to  it. 
d*  115V  AC  applied  to  it. 


Answers  to  Frame  20;    1,    b     2.  b 
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Frame 


Xlie  totalizer  linear  synchro  is  the  signal  nulling  unit  (that 
scops  Che  pointer)  In  the  indicator*    The  rotor  of  the  synchro  is 
excited  by  26  voles  AC  from  the  aircraft  power  source  through  pin  C 
of  Che  electrical  connector*    Refer  to  figure  19*    The  stator  output 
signal  is  used  to  cancel  the  signal  from  the  linear  synchro  outputs 
of  the  transmitters*    This  signal  is  necessary  to  stop  servoloop 
operation  when  the  totalizer  indicator  reaches  the  proper  indication* 
This  is  done  by  stopping  current  (cut-*off)  through  the  amplifier  tube* 

Circle  the  letter  of  the  correct  responses  to  the  following 
statements* 

1*     The  signal  nulling  unit  in  the  totalizer  indicator  is  the 

a*  two-phase  motor* 

b*  linear  synchro* 

c*  adjustable  transformer* 

d*  rate  generator* 

2*      The  rotor  of  the  linear  synchro  is  energized  from  the 

a*  autotrans former* 

b*  amplifier* 

c*  adjustable  transformer* 

d*  26V  AC  power  source* 


Answers  to  Frame  21:    1*    a     2,    b     3*    c     4,  d 
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Frame  23 

The  Cocallzer  adjustable  cransformer  is  used  Co  adjust  the  output 
o£  the  totalizer  linear  synchro  to  zero  signal  when  the  totalizer 
indicator  pointer  is  at  zero*    The  adjustable  cransfor!Qer>  shovn  in 
figure  19 1  is  a  synchro  unit  with  only  two  leads  of  th'^  stator  con- 
nected  in  the  circuit*    The  rotor  Is  excited  by  26V  AC  from  the  aircraft 
power  source  through  pin  C  of  the  connector*    The  stator  is  connected 
in  serlas  with  the  stator  of  the  linear  synchro*    The  rotor  of  this 
synchro  is  adjusted  when  the  synchro  is  installed  in  the  indicator  at 
the  factory  and  dodS  not  move*    The  rate  generator  '*B''  in  the  totalizer 
indicator^  provides  a  dampening  feedback  signal  to  prevent  the  indicator 
pointers  from  overshooting  and  oscillating  as  the  servoloop  is  nulled* 
Notice  in  figure  19  that  the  output  phase  of  the  rate  generator  is 
connected  in  series  with  the  rotor  of  the' linear  synchro*    As  the 
ratr^.  generator  tumS|  a  voltage  is  produced  In  the  output  winding 
that  is  180*  out-of-phaee  with  the  linear  synchro  rotor  excitation 
voltage*    This  out-of-phase  voltage  will  subtract  from  the  linear 
synchro  rotor  exc:!  cation  voltage  by  an  amount  proportional  to  generator 
speed*    (When  the  linear  synchro  rotor  excitation  voltage  decresseSi 
the  voltage  output  of  the  linear  synchro  will  decrease*)    This  keeps 
the  motor  from  overspeeding  and  assures  a  smooth  movement  of  the 
indicator  pointers  for  small  segments  of  travel* 

Refer  to  figure  19  and  circle  the  letter  of  the  correct  response 
to  the  following  statements* 

1*     The  rotor  of  the  adjustable  transformer  is  energized  by 

a*  6V  AC* 

b*  18V  AC 

c*  26V  AC* 

d*  115V  AC* 

2*     The  rotor  of  the  adjustable  transformer 

a*      is  fixed* 

b*     moves  with  the  rotor  of  the  linear  synchro* 
c*      is  driven  by  the  2'*phase  motor* 
d*      is  driven  by  the  rate  generator* 

3*     The  totalizer  adjustable  transformer  adjusts  the  output  of 
the  totalizer  linear  synchro  to  zero  when  the 

a*  *  individual  indicator  pointer  is  at  zero* 

b*  totalizer  indicator  pointer  is  at  zero« 

c*  individual  indicator  pointer  is  at  3^000  pounds* 

d*  totalizer  indicator  pointer  is  at  3|000  pounds « 
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Frame  23  (Continued) 

4.      The  voltage  produced  by  the  variable  phase  of  the  rate 

generator  and  the  excitation  voltage  of  che  linear  synchro 

l3 

a.  in  phase  uith  each  other. 

b.  43  degrees  out  of  phase  with  each  other. 

c.  90  degrees  out  of  phase  with  each  other. 

d.  180  degrees  out  of  phase  with  each  other. 

3.      What  prevents  the  motor  from  overspeeding  aad  assures  a 
smooth  movement  of  the  pointers? 

a.  A  decrease  in  rate  generator  output  voltage  and  a 
decrease  in  voltage  applied  to  thy  linear  synchro 
rotor. 

b.  A  decrease  in  rate  generator  output  voltage  and  an 
increase  in  the  output  voltage  of  thy  linear  synchro 
rotor* 

c.  An  increase  in  rate  generator  output  voltage  will 
subtract  from  excitatiun  voltage  applied  to  the 
linear  synchro  rotor. 

d.  An  increase  in  rate  generator  output  voltage  and  a 
decrease  in  the  26  volts  applied  to  the  linear  synchro 
rotor* 


Answers  to  Frame  22:    1.    b      2.  d 

Answers  to  Frame  23:    1.    c      2,    a     3*    b      4.    d     5^  c 

Go  back  to  the  beginning  of  this  programmed  te:ct:  and  review  the 
frames.    When  you  reel  you  know  and  understand  the  objective,  you 
are  ready  to  take  an  appraisal. 
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Instrumenc/Fllght  Control  Branch  3ABR32531-WB-205 
Chanuce  AFB,  Illinois  3ABR32632a-WB-3Q5 

INSPECTION,  OPERATIONAL  QIECK^  TROUBLESHOOTING 
AND  BENCH  CHECK  OF  THE  FUEL  FLOW  INDICATING  SYSTEM 

OBJECTIVE*^ 

Given  a  workbook  and  trainer,  perform  an  inspection  and  opera- 
tional check  of  a  fuel  flow  indicating  system  with  an  accuracy  of 
100%  correct  workbook  responses. 

Given  a  workbook,  test  equipment,  and  trainer,  troubleshoot 
the  fuel  flow  indicating  system  with  an  accuracy  of  75%  correct 
workbook  responses,  , 

Given  a  workbook,  test  equipment,  and  trainer,  bench  check 
components  cf  a  fuel  flow  indicating  system  with  an  accuracy  of 
100%  correct  workbook  responses. 

EQUIPMENT 

Fuel  Flow  Indicator  (from  trainer) 
Fuel  Flow  Trainer  #24A2 
Multimeter  and  Leads 
Test  Set,  Field  Synchro 
TO  33D2-6-103-1  EXTRACT 
3ABR32531-WB-205  or  3ABR32632B-WB-305 

PItOCEDURE 

Remove  ALL  JEWELRY  and  follow  ALL  safety  precautions  when 
working  on  electrical  equipment.    Be  sure  the  trainer  is  not  con- 
nected to  the  power  source*    Be  sure  ALL  trouble  switches  on  the 
trainer  are  in  the  OUT  position,    DO  NOT  go  behind  the  trainer  to 
perform  the  Inspections*    Obtain  ALL  test  equipment  from  the 
instructor*    DO  NOT  damage  the  trainer  or  test  equipment* 

Read  and  understand  the  TO  EXTRACT,  before  proceeding  with 
the  bench  check.    Read  OHLY  that  part  of  the  TO  EXTRACT  that  is 
referenced  by  this  workbook.    Some  parts  of  the  EXTRACT  are  not 
needed  to  complete  this  project.    Place  a  checkmark  (/)  on  the  proper 
blanks* 


Supersedes  3ABR32531-WB-210,  3ABR32632B-WB-309 ,  14  August  197A, 
which  may  be  used  until  existing  stocks  are  exhausted* 
OPRt    3360  TTG 
DISTRIBUTION:  X 

3360TTGTC^  -  200;  TTVSR  -  1 


Basis  of  Issue 

l/student 

1/ student 

l/student 

l/student 

l/student 

l/student 
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Part  1.  INSPECTION 

1«      Visually  Inspect  the  Totalizer  Fuel  Flow  Indicator  for: 

Satisfactory  Unsatisfactory 

a«      Loose  or  cracked  glass*     

b*      Security  of  mounting*     

c.  Condition  of  fluorescent     

markings  * 

d.  Condition  of  pointer*   

2*     Visually  inspect  &k  Fuel  Flow  Indicator  for: 

a*      Loose  or  cracked  glass*     

b*      Security  of  mounting*     

Condition  of  fluorescent   

markings  * 

d*      Condition  of  pointer*     

3*      Visually  Inspect  #4  Fuel  Flow  Transmitter  for: 

a*     Dented  or  cracked  case*   

b*     Security  of  mounting*     

c*     Damaged  electrical     

connector* 

4*      Visually  inspect  ifS  Fuel  Flow  Indicator  for: 

a*      Loose  or  cracked  glass*     

b*      Security  of  mounting*     

c*      Condition  of  fluorescent   

markings  * 

d*      Condition  of  pointer*   

S*     Visually  inspect  i5  Fuel  Flow  Transmitter  for: 

a*      Dented  or  cracked  case*   

b*      Security  of  mounting*     

c*      Damaged  electrical  connector*     

6*     Visually  inspect  the  electrical  wiring  for: 

a.      Frayed  or  broken  wires.     

b*      Scorched  or  broken     

insulation* 

c.      Cracked  or  bent  connector     

plug* 

d*      Security  of  mounting*     

So'. 

^  yjf 
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Part  2.    OPERATIONAL  CHECK 

1,  Plug  trainer  into  26VAC  400  Hz  outlet  (drop  cord). 

2.  Hake  sure  all  trouble  switches  are  to  the  OUT  position. 
3*     Push  all  three  circuit  breakers  to  the  IN  position^ 

4.  Let  totalizer  warm  up  for  one  minute. 

5.  Slowly  advance  number  4  throttle  to  10,000  PPH  on  /M 
indicator » 

a.  Totalizer  indicator  should  Indicate  10,000  PPK  fuel 
flow  +  850  PPH. 

b.  Totalizer  Indicator  indicates   PPH  fuel  flow. 

c.  System  is  Satisfactory  #  Unsatisfactory  • 

6.  Retard  H  throttle  to  the  closed  position*    Slowly  advance 
#5  throttle  to  10,000  PPH  on  indicator. 

a.  Totalizer  indicator  should  indicate  10,000  PPH  fuel 
flow  +  S50  PPH. 

b.  Totalizer  indicator  indicates   PPH  fuel  flow. 

c*     System  is  Satisfactory  ,  Unsatisfactory  . 

7.  Retard  #5  throttle  to  the  closed  position* 

8.  Slowly  advance  both  #4  and  #5  throttles  until  each 
Individual  Indicator  reads  XO^OOO  PPH. 

a.  Totalizer  indicator  should  indicate  20,000  PPH  fuel 
flow  +1,700  PPH, 

b.  Totalizer  indicator  indicates  PPH  fuel  flow, 

c.  System  is  Satisfactory  #  Unsatisfactory  . 

Part  3.  TROUBLESHOOTING 

1.  Retard  H  and  ifS  th.:ottles  to  the  closed  position, 

2.  Place  trouble  switch  #1  to  the  IN  position. 

3.  Slowly  advance  if^  throttle  to  the  full  position.  Observe 
the  indications  on  H  fuel  flow  indicator  and  the  totalizer  fuel  flow 
indicator  while  the  throttle  is  being  moved.    Place  a  checkmark  (/) 
in  the  proper  blanks  in  Chart  1. 

S3  > 
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4*     Secard  #4  throttle  to  the  closed  position  and  slowly 
advance  iS^5  throttle  to  the  full  position*    Observe  the  indications 
on  the  j|f5  fuel  flow  indicator  and  the  totalizer  indicator  while 
throttle  is  baing  moved*    Place  a  checkmark  (/)  in  the  proper  blank 
in  Chart  1* 

5*     Retard  ^^5  throttle  and  place  trouble  switch  tfl  to  the 
OUT  position. 

Kote;    EtEPEAT  the  above  steps  for  problems  2  through  S  and 
RECORD  the  indications  In  Chart  1* 


Trouble 
Switch 

#4  Indicator 

#5  Indicator 

Totalizer 

± 

norm       ,  inop  *, 
erratic  * 

no  rm        ,  inop  , 

erratic  * 

norm       ,  inop  , 
erratic 

2 

norm       ,  inop  , 

norm       ,  inop  , 

norm       ,  inop  , 

erratic  * 

erratic 

erratic 

3 

norm       ,  inop  , 
erratic  , 

norm       ,  inop  , 
erratic 

norm       ,  inop  , 
erratic 

4 

norm         inop  , 
erratic 

norm       ,  inop  , 
erratic 

norm       ,  inop  , 
erratic 

5 

norm       ,  inop  , 
erratic 

norm       ,  inop  , 
erratic 

norm       *  inop  , 
erratic 

6 

norm       ,  inop  , 
erratic 

norm       ,  inop  , 
erratic 

norm__,  Inop  , 

erratic 

7 

norm       ,  inop  , 
erratic  * 

norm       ,  inop  , 
erratic 

norm       >  inop  , 
erratic  » 

8 

no  rm          inop  , 
erratic 

norm       ,  Inop  , 
erratic 

norm       ,  inop  , 
erratic 

Chart  1* 

Note:    Have  instructor  CHECK  your  indications* 

6*     RETARD  ALL  throttles  to  the  closed  position. 

7*     Pull  all  circuit  breakers,  disconnect  trainer  from  26VAC, 
400  Hz  power  source  and  remove  the  electrical  connectors  from  the 
indicators  and  transmitters^ 

Note:    Be  sure  ALL  trouble  switches  are  to  the  OUT  position* 

8*      Connect  the  leads  to  the  tnultimeter  and  zero  the  meter. 

9*     Troubleshoot  the  fuel  flow  indicating  system  by  placing  one 
trouble  switch  to  the  IN  position  at  a  time*    Use  the  DIAGRAM  on  the 
trainer  to  aid  you  in  troubleshooting* 

a*     Do  not  troubleshoot  the  "B"  lead  (shielded  lead)  at 
Totalizer  Indicator* 
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b*     When  troubleshooting  power  leads*  place  one  multimeter 
lead  under  Circuit  Breaker  terminal  at  the  back  of  the  trainer  and 
the  other  lead  In  the  applicable  Test  Point  in  front  of  the  trainer. 

10,  Enter  the  wire  number  in  the  appropriate  space  and  place  a 
checkmark  (/)  in  the  proper  blank  in  column  3  (Kind  of  Trouble)  of 
Chart  2. 

11.  Repeat  the  above  procedure  for  problems  2  through  8. 


Trouble 
Switch 

Wire  Number 

Kind 

of  Trouble 

1 

hish  resistance 

,  open  

shorted  vires 

2 

high  resistance 

t  open  ^ 

* 

shorted  wires   . 

3 

hi^  resistance 

t  open 

shorted  vires  * 

4 

high  resistance 

,  open  ^ 

shorted  wires  • 

5 

hif^h  resistance 

,  open 

shorted  wires  . 

6 

high  resistance  _  ^ 

f  open 

,t 

shorted  vires  • 

'  1 

high  resistance  

,  open 

9 

shorted  vires 

8  i 

hi^  resistance 

t  open 

t 

shorted  vires 

Chart  2. 


tfote:    Have  instructor  check  your  indications* 

12*      Reconnect  all  connector  plugs  to  the  indicators  and 
transmitters. 

13*      Remove  leads  from  multJjneter  and  place  function  switch  to 
DC  volts* 

14.  Place  the  range  switch  all  the  way  to  the  right  and  return 
multijneter  and  leads  to  the  cabinet. 

15.  Make  sure  all  trouble  switches  are  to  the  OUT  position. 

Part  4*    BENCH  CHECK 
Note:    For  3ABR32531  students  ONLY. 

1*      Remove  an  individual  fuel  flow  Indicator  from  tfl  trainer 
(next  to  radiator)  for  bench  checking. 

2.     Obtain  a  Sychro  Field  Tester  from  tester  storage  cabinet 
In  AC  lab* 


3,      Refer  to  the  EXTRACT  of  TO  ,  Section  IV,  para 

4-1  through  4*5  and  figures  4-1  and  4-2  for  OPERATION  and  TEST  SET 
UP  procedures* 


4, 

Connect  CABLE 

"A" 

CO  power  Input  plug  li^lO  on  the  tester. 

5. 

Connect  CABLE 

"C" 

to  test  unit  plug  //9  on  the  tester. 

6, 

Connect  CABLE 

"0" 

CO  CABLE  "J". 

7. 

Connect  CABLE 

"J" 

Co  the  Fuel  Flow  Indicator. 

8. 

Plug  CABLE  '*A"  la 

CO  115VAC  400  Hz  outlet. 

9, 

Switch  '*4"  of  the 

Synchro  Field  Test  Sec  should  be  In  CAL 

position  and  Teat  Set  Switch  #2  to  the  SYN  IND  position* 


10*     Turn  power  switch  HI  ON  at  thia  time* 


Fuel  Flow  Indicator 

Range t  0-12000 

Dial: 

A251-B16A 

FRICTION  E 

RBOR 

SCALE  El 

RROR 

PFH 

Before  Tap 

After  Tap 

S 

u 

Trans.  Ill  Test 

Exact  ' 

S 

U 

0 

15* 

400 

47' 

800 

79' 

1200 

111* 

1600 

1 

 1  

143° 

2000 

1 

175' 

2075 
(EZ) 

\ 

1 
1 

180° 

2400 

207° 

1 

2800 

i 

239' 

1 
1 

5000 

i 

 ;  

275' 

i 

9000 

1 

315' 

UOOO 

i 

;  1 

335° 

i, 

Chart  3* 


EZ  -  Electrical  Zero 

E2  is  satisfactory  ,  unsatisfactory 


Position  error  Is  satisfactory  ,  unsatisfactory 

The  Indicator  is  satisfactory  ,  unsatisfactory  _ 
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11.     To  perform  the  Prlctlon  and  Scale  Error  test*  rotate  the 
knob  of  transmitter  #1  of  the  Synchro  Field  Test  Set  to  bring  the 
pointer  to  the  desired  indication.    Two  readings  must  be  taken;  the 
FXBST  before  taping  the  Instrument  and  Che  SECOtID  after  the 
Instrument  Is  taped. 

a.  The  difference  between  the  first  and  second  readings 
must  NOT  exceed  the  friction  tolerance  of  1.5  degrees. 

b.  The  second  reading  must  NOT  exceed  the  Scale  Error 
tolerance  of  *75  degrees* 

12*     To  perform  the  Position  Error  test*  set  the  knob  of 
Transmitter  tfl  of  the  Synchro  Field  Test  Set  at  midscale*    Take  a 
reading  with  the  Indicator  In  a  (normal)  horizontal  position.  This 
reading  should  NOT  differ  from  the  readings  with  the  Indicator  In  any 
other  position  by  more  than  the  tolerance  of  .5  degrees. 

If  indications  are  HOT  correct*  adjust  Trans  ^^1  until  Indicator 
reads  the  EXACT  PPH  and  record  In  exact  degree  column  this  degree 
reading. 


13*      Disconnect  test  equipment  and  stow  leads* 

14*      Replace  and  connect  fuel  flow  Indicator  in  trainer. 

15*      Put  teat  equipment  away. 
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KEPBODUCXION  FOR  ATC  TRAIHtNG  USE  OKLY  .    DO  NOT  USE  OH  THE  JOB* 

szaiON*  It 

SPECIAL  SS:SVICE  TOOLS 

{NOT  APPLICABLE) 


SECTION  III 

PREPARATION  FO:^  USS^  STORAGE,  OR  SHPMENT 


3*1,  PaCPARATION  FOR  USL 

3*2.  Ur,{>ackUie  Teat  Set  from  the  shipping  conuJner 
and  swtitg  back  tht  protecttv«  cover  to  see  that  all 
the  cables*  listed  in  figure  1*4      in  the  cable  stor* 
ogt  compartment  adjacent  to  the  instniment  paneL 
Make  sure  that  th«  booklet  of  calibraUoo  tables  has 
been  included.  AllovrjiufXicient  space  around  the 
Test  Set  for  connecting  the  test  cables  to  units 
(inder  test. 


3-3.  tht  Test  Set  requires  a  power  source  ot  either 
115  volU  or  2$  volts,  400  cpe,  single  phase.  Power 
consumption  is  approximately  S5  watts. 

3-4,  STOKAGE  OR  SHIPMIHT. 

3*5.  Refer  to  specificaUoo  MIL*F*116C  for  general 
requirements  covering  the  preservation  of  equipment 
against  corrosion  daring  shipment  and. storage. 


SECTION  IV 
OPERATION  INSTRUaiONS 


4^1,  G£N£JIAU 

4*3.  The  instructions  given  in  this  section  refer  to 
the  operation  of  the  Test  Set,  and  are  not  mtended  to 
serve  as  test  procedures  f'r  the  unit  under  test* 
When  Uie  Test  Set  Is  used  In  an  air^^raft,  the  booklet 
o(  calibration  tables  provided  wilt  s>rve  as  a  con- 
venient guide  for  test  values  to  he  obtained  from  the 
unit  under  test.  Refer  to  the  applicable  technical 
manual  on  the  unit  under  test  ^or  specific  test  instruc-* 
Uons,  test  values,  and  permisslbie  'olcrances. 

4-3,  OPERATING  CONnclS,  'NCtWORS,  AND 
CONNiaiONS, 

*i-4.  All  Che  operaiing:  controlf:,  mdicawrs,  and 
connecting  points  oC  the  Test  S^t  are  ;Uustrat£d  m 
figure  4-2  and  their  function  is  given  in  Hgv^re  4-1. 
In  addition  to  the  items  listed,  two  l-ampere  fuses 
and  one  3/8*ampere  fuse  are  'itted  m  the  instrument 
panel.  Two  spare  fuses,  onft  for  each  type  ^re 
also  m eluded. 

4-5,  TEST  SETUP  PROCEDURES. 

a.  Set  all  switches  and  '^.cntrols  to  OFF  ^r  ^uiiv 
countorciorkwise  position. 
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b.  Connect  test  adapter  cable  0886030*1  to  the 
TEST  UHIT  connector  on  the  panel  of  the  Test  Set, 

CAUTION 


Understand  the  entire  operation  before 
starting  to  test  a  unit. 

SYNCHRONOUS  tNOICATOR  TIST 
PROCEDURES, 

a.  Disconnect  the  cable  from  the  indicator  under 
test  m  the  aircraft 

b.  If  a  single  indicator  is  to  be  tested^  connect 
Autosyn  Synchro  test  cable  QB84998-i  between  test 
adapter  cabJe  QBa6030*l  and  the  indicator.  Connect 
power  source  cable  QB86032*  1  to  the  disconnected 
aircraft  cable  and  to  the  POWER-INPUT  10  connec*^ 
tor  through  adapter  c^le  QBd6063*l. 

c.  If  a  dual  mdicator  is  to  be  tested^  connect  dual 
indicator  test  cable  QB86029-*1  between  test  adapter 
cable  QB86030-1  and  the  indicator.  Connect  power 
source  cable  Q68603Ut  to  the  disconnected 

2-1/3-1/4-1 
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CONTOOL  HOMEHCLATtmE 

FUNCTION  1 

AuWeyn  trsmimitter  1 

Eatnbllshes  standsird  a£:ilnst  which  syn4:hronoos  and  ser- 
voed  Indicators  are  tested. 

TC5T  SEL  switch 

Selects  the  test  circuit  ^  wr  the  unit  oilder  test.  The 
SYN  IND  position  is  used  for  testing  synchronous  Indl* 
cators;  the  SERVO  position     for  testing  seivoed 
mdicacors;  the  MOTOH  position  is  for  testing  low 
inertia  motors;  the  TRANS  position  is  for  testing  trans- 
mitters; and  the  DIFF.  posit^^  Is  for  testing 
diiferentials* 

Servoed  Autoayn  laiUcator  3 

Used  as  standard  for  testing  accuracy  of  transmitters  and 
differentials  under  test. 

SVH  IND  switch  4 

Selects  the  test  circuitry  for  the  type  of  test  being  per- 
formed on  synchronous  indicators*  The  £-Z  position 
is  used  for  checking  electrical  xero»  and  the  CAL  posi-^ 
tlon  is  used  when  performing  calibration  tests. 

MOTOR  VOLTS  FXD  5  eotttrol 

Varies  voltage  applied  to  fixed^phaes  windings  of  low 
inertia  motors  when  MOTORS  VOLTS  switch  is  in 
FtXEDO  position. 

MOTOR  VOLTS  VAR  t  coatrdl 

Varies  voltage  applied  to  variable- phase  windings  of  low 
inertia  motors  when  MOTOR  VOLTS  switch  Is  in  VARO 
position. 

MOTOR  VOLTS  7  switch 

Enables  monitoring  and  adjustment  of  low  Inertia  motor 
phase  voltage  at  vtvm  blndlmg  posts. 

AMPL  GAIN  B  control 

Varies  gain  of  servo  amplifier  in  Test  Set, 

TEST  UNIT  9  connector 

Provides  connsctlon  on  Test  Set  to  unit  under  test 

POWER*INPUT  10  connector 

Provides  connection  on  Test  Set  to  power  source.. 

POWER  16  lamp 

Provides  indication  that  Test  Set  is  energized  when 
POWER  S  witch  is  ON. 

POWER  17  switch 

Cvtrols  input  power  to  the  Test  Set. 

26V  IB  ttd  19  binding  post^ 

Provide  connection  for  monitormg  test  cirottlts  for  20 
volts. 

10. BV  19  ^IndlJigposts 

Provides  connection  for  monitoring  test  circuits  for 
10.3  volts. 

VTVMZl  mi22  binding  posts 

Prov«(e  ccnr.ections.fof  monitoring  motor  fljced^phase 
voltage,  variable  phase  voltage,  and  servo  nulls. 

Figure  4-1*  Operating  Controls*  Indicators,  and  Conn^ctloma 


aircraft  cable  and  to  the  POWER«^INPVT  10  connector 
through  adapter  cable  0868063^1, 

d^  See  that  aircraft  power  Is  on. 

e.  Set  the  POWEP  *•    ^  e  Teat  Set  to  ON. 

Tht  POWER  IS  I*     f  scu?  >     le  on,  indicating  that 


voitohmmeter.  check  a*c  vUtage^  at  26V  18  and  Ifi 
oinding  posts  for  26  volts  tlO  percent  and  at  10* 8V 
19  .ind  20  binding  posts  for  10. 3  volts  ±10  percent.  . 

Not« 

If  the  Indicator  ts  tested  on  a  test  bench 
rather  Oian  m  an  aireraft^  use  power  source 
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upaowciicn  »a  ajc  iman«  g^s  piCT.  do  wor  usg  oh  the  jm. 


VOTWt  OFF 
A)      ^     /  TftJ 


Fytr^^  Cii-S  ^^^OiM-v^ 


H0^rOlt  VOLTS  < 


TEir  uNtr^ 
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400  cpf  powtr  supply/ aE4  difn^trd  powir 

4*t.  £L£ClBICALZ£HOCa£aL 

a.  Set  tht  TEST  5£LswiUiit6SWI»DaadU» 
SYK IND  4  switch  to  £*Z. 

t>.  l4it  iiu^itator  un4«r  tut  wlU  Mumt  its  elsctrl* 
cal  soro  potiUoa,  Chack  tht  valui  sgitot  tht  call* 
bratitti  valu«  for  tht  ualtuzuUe  t4it 

4-$.  ANGLE  Ca£CX. 

a.  S%\  tht  5YN IND  4  switch  to  CAL^  a&d  rotSLte  tb* 
ust  Sit  traAsmittsr      to  tht  aogUs  sptcUi«d  ibr 
tht  unit  ufldsr  t««t,  utiag  tht  «aia>rati<w  booiatt  for 
tht  proptr  stttlofit 


t>.  tht  iiullcacoruncitrMt  should  iOUow  tht  TMt 
5tt  trantjnitiir  within  tht  appUcabl*  toltranct* 
spteifM  to  tht  UehoiCAl  mwuI  for  tht  tndl«atar 
uadtr  tttt 

c.  Tom  ira^WCR  17  twitch  to  OFF  (dOM^  potUloa. 

d.  Htmcvt  coontcttcos  from  unit  uadtr  t«tL 
4*9*  SSftVOID  tND:CATOIt  ANGU  CKCOC 

a.  Dlscciutctthtaaiitfroathtttnrotaipdicttor 
u&dtr  ttst  In  tht  Jdrc^t 

t>.  Conatct  ttrvotd  UuUcator  tttt  cibtt  QBSiMT-l 
btmtft  cttt  aatpttr  caUt  4B««»30<laadtht#«rvotd 
iiKUcator  uadtr  tttt 


c.  5tt  TEST  S£L  2  switch  to  S£RVa 
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Steam  SV  T,o,  2 

PsMfraptis  4*9  to  4>U 

d.  Connect  powtr  source  cabl«  QB86033-1  to  tht 
dbcociMcted  aircraft  cable. 

e.  Set  the  POWER  17  switch  to  ON. 

f.  Check  power  supply  voltagea  at  26V  IB  and  19 
blndlnc  potts  for  2d  ilO  percent  votts  and  at  10. 3V 
19  and  20  btndtng  posts  for  10.  3  tlO  percent  volts. 

g.  T^m  AMPL  GAIN  S  control  fully  clockwise. 
mUow  the  SERVO  amplifier  to  warm  up  for  at  least 
one  minute 

Not* 

The  signal  input  voltage  to  tne  amplifier  can 
be  monitored  by  connecting  a  vtvm  across  the 
VTVM  21  and  22  binding  posts. 

h.  Rotate  the  Test  Set  transmitter  l  to  the  angles 
specified  Jn  ^he  calibration  booidet  for  the  servoed 
indicator  under  test. 

i.  Txt  servoed  indicator  should  follow  the  test  set 
transmitter  settings  within  the  applicable  tolerance 
specified  for  the  indicator  under  test. 

4-10,   LOW  INERTIA  MOTOR  DIRECTION  TEST, 

a.  SetTESTS£:L2  swUch  to  MOTOR. 

b.  Set  MOTOR  VOLTS  7  switch  to  FULL  to  apply 
26  volts  to  the  motor  windings.  The  pointers  of  the 
"icrvoed  indicator  under  test  should  move  in  a  clocks 
w:sc  direction, 

LOW  INERTU  MOTOR  FDCED PHASE 
STARTING  VOLTAGE  TEST, 

J,  Set  MOTOR' VOLTS  7  switch  to  FXD  0, 

b.  Set  MOTOR  VOLTS  VARo  6  control  fully  clock* 
wise, 

c.  Slowly  roiate  FXDQ>  MOTOR  VOLTS  control  S 
cl^  "kwise  'latll  the  pointers  o(  the  Indicator  under 
tcM  begin  to  move.  Monitor  the  fixed-phase  start- 
inii  vottiige  at  VTV.M  21,  22,  binding  posts  and 
compare  the  value  with  the  ^ecific^iton  value. 

4-*2,  LOW  INERTU  MOTOR  VARIABLE  PHASE 
STARTING  VOLTAGE  TEST. 

Set  .MOTOR  VOLTS  VARo  6  control  and  MOTOR 
VOLTS  FXDoScotitrol  fully  counterclockwise. 


,*6-105  I 


b.  S*t  MOTOR  VOLTS  7  switch  to  VARO  , 

c.  Sc't  MOTOR  volt:;  FXDo  9  control  fuUy 
clockwise. 

Slowly  move  .MOTOR  VOLTS  6  control  clodcwlse 
until  the  pointer  of  the  indicator  under  test  begins  to 
move    Monitor  liw  variable  i^we  starting  voltage 
across  the  VTV^T  21,  22  biiwling  posts.  Compare  the 
value  with  the  specification  requirement.  In  no  case 
should  the  starting  voltage  {fixed  or  varlabte  phase) 
exceed  200  millivolts, 

e,  ,S%r  POWER  17  switch  to  oit  (dowrl  poslUon. 

TItANSMITTCIt  rest  PItOCEOUIE. 

a.  Disconnect  the  cable  from  the  transmitter  or 
deferential  under  test  in  the  aircraft, 

b.  Connect  powt^r  source  cable  Qjt^S5032*l  to  the 
dlscotmected  aircraft  caole  and  to  the  POWER*tNFUT 
10  connector  through  adaptor  cable  0986063*1. 

c.  Connect  Autosyn  synchro  test  cable  QB84998«1 
betwt^en  test  adapter  cable  0686030*1  and  the  unit 
under  test, 

d.  Set  the  TEST  SeL  2  switch  to  TRANS. 
Set  the  POWER  17  switch  to  OH, 

f.  Check  power  supply  voltages  as  described  In 
para5;raph  4*9,  step  f, 

g.  Turn  the  AMPl  GA(N  S  control  fully  cloclcwlse, 
AllOA'  the  servo  amplifier  to  warm  up  for  at  least 
one  mmute  befoiv  proceeding. 

h,  Rotate  tne  un:t  uncicr  test  to  the  angles  specified 
for  that  unit  in  the  test  specifications  and  see  that 
the  Test  Set  indicator  shows  the  required  values, 

L  On  completion  of  tesis,  set  ail  switches  to  their 
0?r  or  futly  cou;:terclockwtse  posttfcns  and  remove 
conncrtions  from  *Jnit  tested. 

4*T4.  DlffEilENTIAt  TfST  PROCEDURE 

Wh<*n  t'le  Test  Set  js  use^f  to  test  ditferential 
Aukos/ns  synchros,  use  ',he  procedure  described  In 
parag*^aph  4*13.  for  transmitters,  but  set  the 
TEST  3EL  2  switon  to  OIKF. 
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Vvsme  1 

Today's  modem  aircraft  have  several  instruments  installed  to 
iQonitor  engine  performance*    On  early  propeller  driven  aircraft » 
hxsrsepower  was  computed  with  readings  taken  from  the  tachometer  (rpm) 
and  the  tcrque  pressure  indicator*    As  time  progressed »  the  jet  engine 
was  Introduced*    On  early  jet  engines*  tachometer  (rpm)»  fuel  flosr 
and  exhaust  gas  teo^erature  indicators  provided  the  pilot  with  an 
indication  of  engine  efficiency^  but  from  these  indications »  the 
power  output  of  the  engine  can  only  he  estimated.    The  -only  accurate 
method  of  determining  the  thrust  produced  by  a  jet  engine  is  to 
measure  the  ratio  of  engine  inlet  pressure  to  engine  exhaust  gas 
pressure*    The  engine  pressure  ratio  (EPR)  system  was  designed  for 
this  purpose* 

Circle  the  correct  letter  for  the  following  statements. 

1*     The  ptirpose  of  the  engine  pressure  ratio  system  is  to 
measure  the  ratio  between  the  inlet  air 

a.  pressure  and  exhaust  gas  temperature, 

b*  pressure  and  exhaust  gas  pressure, 

c*  temperature  and  exhaust  gas  temperature* 

d.  temperature  and  exhaust  gas  pressure. 


84  - 
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$^1 

The  engine  pressure  ratio  (EPR)  system  Is  made  up  of  an  Inlet 

probe,  exhaust  probe,  transducer  and  Indicator*  .^,.%$e  figure  1,  We 

will  learn  about  each  of  these  Items  In  the  following  frames. 


TRANSOUCEit 


Figure  1, 
NO  RESPONSE  REQUIRED 


8^' 

Answer  to  Frame  1;    1#    b  ^  ^ 


Frame  3 

The  EFR  systems  Cour  main  components  are: 
1.     inlet  probe  (^^.2^* 
2»     esdiaust  probe  (^^.y)* 
3*  Indicator* 
4 ♦     transducer  * 

They  are  located  on  a  t/p±cal  aircraft  as  shown  in  figure  2, 

The  transducer  is  mounted  near  the  engine  and  receives  F^^  and  ?  . 

tz  t  / 

pressures  throu^  stainless  steel  tubing*    It  converts  the  difference 
between  these  two  pressures  Into  electrical  signals*    The  indicator  on 
the  instrument  panel  uses  these  transducer  signals  to  present  EPR 
indications* 


figure  2* 
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Frame  3  (Continued) 

Circle  the  correct  answers  to  the  following  responses. 

1,  The  exhaust  pressure  probe  and  transducer  are  connected  by 

a,  electrical  wire, 

bt  steel  tublngt 

Ct  rubber  hose, 

d.  copper  pipe. 

2.  While  in  the  process  of  replacing  a  transducer^  you  would 
be  working 

a,  in  the  pilot's  compartment. 

b.  in  the  exhaust  tail  pipe. 

c.  back  of  the  propeller. 

d,  near  the  engine. 

3,  Xnlet  and  exhaust  pressures  are  applied  directly  to  the 

a*  transducer^ 

b .  indicator , 

c.  indicator  and  transducer. 

d .  engine . 

4.  Exhaust  pressure  is 

a.     applied  to  the  indicator* 

c.  less  than  atmospheric  pressure. 

d.  P^2- 
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Frame  4 

Pressure  ratio  systems  are  used  on  jet  engine  powered  aircraft* 

Inlet  and  exhaust  pressures  are  ''picked  up**  by  small  tubes  (probes) 

Inserted  into  the  engine  as  shown  In  figure  3*    Inlet  pressure  Is 

referred  to  as  P  _  and  is  the  total  inlet  pressure  at  engine  station 
tz 

number  2.    Exhaust  pressure  is  referred  to  as  P^^,  and  is  cKe  total 

pressure  at  engine  station  nuinber  7.    When  the  engine  Is  operating, 
P.-  Is  greater  than  P^^. 


Figure  3* 

1*      Select  the  correct  response. 

a*      If  pressure  in  ONE  probe  Is  14  FSI  and  the  other  probe 
Is  6.0  PSI,  14  PSI  pressure  Is  on  the  P^^  Pi^obe. 

b.     A  B-32  jet  aircraft  would  ttse  a  pressure  ratio  system, 
c*      Inlet  pressure  Is  greater  than  P^^  pressure* 

d.      Pressure  ratio  Is  a  measure  of  reciprocating  engine  thrust* 


Answers  to  Frame  3:    1*    b     2,    d     3*    ^     4*  b 
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Frame  5 


Since  engine  pressure  ratio  Is  an  accurate  TDeans  o£  determining 
the  thrust:  produced  by  a  Jet  engine,  the  EPR  Indicator  In  the  cockpit 
is  a  valuable  aid  to  the  pilot.    By  observing  the  EPE  indications,  ^:he 
pilot  can  fly  his  aircraft  more  efficiently  and  safely.    From  performance 
charts  In  the  fllj^t  manual,  the  pilot  can  determine  the  takeoff  (thrust) 
pressure  ratio  number.    By  setting  the  throttle  to  obtain  this  EPR 
number  on  the  EPR  indicator*  the  pilot  is  assured  of  having  the  proper 
thrust  for  takeoff.    On  multi-engine  aircraft,  the  pilot  can  set  the 
same  EPR  number  on  all  engines  to  maintain  engine  balance.    Figure  4 
shows  the  EPR  indicator  with  the  vernier  dial. 


Refer  ^.o  figure  4  and  complete  the  follovlng  statements. 

1.  The  main  dial  of  the  Indicator  Is  graduated  from 

a.  1.0  to  3.4. 

b,  1.2  to  3.4, 

c,  2,2  to  3.4. 

d.  2.3  to  3.4- 

2.  The  EPR  Indicator  indicates  to  the  pilot  (during  engine 
operation)  the  proper 

a.  rpm  for  takeoff. 

b.  oil  pressure  for  takeoff* 

c.  thrust  for  takeoff. 

d.  torque  pressure  for  takeoff. 


Figure  4. 


Answers  to  Frame  4:    1.  b 
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Frame  5  (Continued) 

Circle  the  correct  answer($)  to  the  following  statements* 

3t     The  engine  pressure  ratio  (EPR)  system  is  an  aid  to  the  pilot. 
It  enables  him  to 

a*     set  the  throttles  for  proper  torqtie  pressure* 

b«     set  the  throttles  for  proper  engine  balance  (equal  power 

output  from  all  engines  on  raulti*englne  aircraft)* 
c*     set  the  throttles  for  the  greatest  amount  of  thrust 

during  cruise* 
d.      detect  loss  of  engine  thrust* 

4*     One  use  of  the  engine  pressure  ratio  system  is  to 

a*  prevent  engine  overheating* 

b*  prevent  engine  overspeeding* 

c*  enable  the  pilot  to  set  the  throttles  for  takeoff  thrust* 

d*  control  engine  oil  pressure  during  cruise  condition* 


Frame  6 


Indicators  with  vernier  dials  have  the  main  dial  graduated  from 
1.2  to  3.4  pressure  ratio  units*    Each  Increment  (mark)  represents 
*1  EFR  unit.    The  vernier  dial  has  10  Increments  and  each  Increment 
represents  #01  EFR  unit*    See  figure  5*    Since  the  vernier  pointer 
makes  one  complete  revolution  for  each  graduation  of  main  pointer 
movement^  the  vernier  pointer  moves  much  faster*    The  synchro  that 
drives  the  vernier  pointer  is  called  the  high  speed  Indicator  synchro* 
the  synchro  that  drives  the  main  pointer  Is  called  the  low  speed 
Indicator  synchro*    As  In  all  synchros*  each  of  the  Indicator  synchros 
contain  a  **tfye*^  connected  stator  and  a  coll  rotor.    Each  rotor  shaft 
Is  directly  connected  to  the  indicator  pointer  that  It  drives.  There 
are  no  mechanical  stops  to  limit  either  pointer*    See  figure  5  and 
figure  6  to  see  hov  the  synchros  are  connected  to  the  pointers* 


MAIN  01  Al 

VERNrER  OtAt 
tow  SPEEO 
HIGH  SPEED 


Figure  5*  Tlgure  6* 

Refer  to  figures  5  and  6  to  complete  the  foUovlng  statements  i 


1*      For  each  complete  revolution  of  the  vernier  pointer,  the 
main  pointer  will  move 

a*  one-half  increment* 

b*  one  increment  (graduation)* 

c*  one-half  revolution* 

d*  one  revolution* 

2*     The  high  speed  indicator  synchro  moves 


a* 
fc* 
c* 


the  small  pointer* 
the  large  pointer* 
both  pointers  at  rhe  same  time* 


3*     The  large  pointer  of  the  indicator  Is  driven  by 

a.      the  low  speed  synchro, 
b*      the  high  speed  synchro* 
c*     both  synchros. 


Answers  to  Frame  5;    1*  b 


3*    b  4* 
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Frame  7 

You  may  be  confused  as  to  ^ES^^^poing  of  the  number  on  Che  dial* 
The  followliig  is  an  explanation:    They  mean  simply  this  -  If  you 
divide  P^^  by        ^^^^  answer  is  che  ratio  of  che  two  pressures. 

For  example,  if  P^^  pressure  is  6t9  and  P^j  inches  of  mercury^ 

their  racio  is        ■  2*3*    The  indicator  Chen,  reads  2,3  EPR  units 

irith  these  pressures  applied  to  the  operating  transducer*  See  figure 
7, 


Figure  7* 

Complete  the  .ollowing  statement  by  filling  In  the  blank* 
1,     The  indicator  in  figure  7  indicates       ,     EPR  units. 


Answers  to  Frame  6:    1,    b     2*    a  3, 


11 
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Frame  8 

Engine  pressure  ratio  transducers  are  manufactured  by  several 
different  companies.    Figures  9  and  10  illustrate  two  commonly  used 
transducers  manufactured  by  AlResearch  p^d  Minneapolls-'Honeywell. 
Although  these  two  components  are  physic  ^ly  different*  their  operation 
is  very  similar.    These  two  transducers  are  Interchangeable.  Both 
of  these  transducers  require  115  volt>  AOO-Hertz  single-phase  AC 
power  for  operation.    Neither  transducer  is  hermetically  sealed  and 
can  be  disassembled  for  maintenance. 


Figure  8.  Figure  9* 

Refer  to  figures  8  and  9  to  complete  the  following  statement* 

1.     The  transducers  shown  in  figures  8  and  9 

a.  look  the  same. 

b.  are  interchangeable. 

*  c.  have  one  tube  and  one  electrical  connector, 

d.  have  *-wo  tubes  and  are  physically  the  same. 


83 


Ans-^er  trt  Frame  7:  2t3 


93c 


Frame  9 


Thft  transducer  we  are  going  to  discuss  is  manufaccuri^d  by 
AlResesrch.    The  transducer  converts  the  ratio  between  the  inlet  a^d 
the  exhaust  pressure  Into  an  electrical  signal  to  operate  the  two 
synchros  in  the  Indicator.    In  the  follo^/ing  frames  ye  are  going 
to  diACusft  the  units  Inside  the  transducer  and  how  th^  work.    Figure  10 
shows  the  AiResearch  transducer. 


Circle  the  letter  preceding  the  correct  response. 
1.     The  purpose  of  the  EPR  transducer  is  to 

a.  convert  an  electrical  signal  to  a  pressure  ratio. 

b.  Indlcats  the  rpm  of  the  engine. 

c.  c.  nvert  a  pressure  ratio  into  an  electrical  signal. 

d.  Indicate  the  fuel  pressure  to  the  engine. 


Answers  to  Frame  8:    1.  b 


Figure  10* 
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Frame  10 

The  AiElfisearch  transducer  illustrated  below  in  figure  H  uses  a 
beam,  pressure  bellows  and  movable  fulcrum  to  convert  pressures  (P^^ 

and  P^^)  into  mechanical  movement*    The  balance  beam  is  the  horizontal 

bar  in  the  center  of  the  f^.gure*    The  movable  fulcrum  supports  its 
left  end.    '^Resistance''  is  applied  to  the  top  side  of  the  beam  as 
and  P^2  pressures  are  applied  to  the  high  side  pressure  bellows* 

pressure  is  also  applied  to  the  evacuated  bellows.    Effort  is 

applied  to  the  underside  of  the  beam  as  P^^  pressures  actuate 

the  low  side  pressure  bellows.    As  P  ^  and/or  F  ^  pressure  changes, 

tZ  t7 

the  forcen  applied  to  the  beam  change  and  the  beam  becomes  unbalanced 
(tilted)*  An  electric  motor  in  the  transducer  then  moves  the  fulcrum 
in  the  direction  to  rebalance  the  beam. 


Figure  11* 


8^  ^ 

Aw 


Frame  10  (Continued) 

Complete  the  follcrwlng  stateiaents  by  filling  in  the  blank  spaces* 
Refer  to  figure  10  for  Information  if  necessary. 

1.  P^jj  is  Jet  engine  pressure. 

2.  P^^  is  Jet  engine   pressure. 

3.  When  preasures  change^  the  beam  -  . 


4.  When  the  beam  tilts  the  moves  to  rebalance  the  beam. 

5.  The  beam  tilts  vhen        or  P^^  pressures  expand  or  contract 
the  . 

6.  A  moves  the  fulcrum. 

7 .  The  fulcrum  is  always  moved  in  the  direction  to   

the  beam. 

8.  Surrounding  the  oucalde  of  the  evacuated  bellows  is   

pressure. 

9.  P^y  pressure  is  applied  to  the   of  the  two  pressure 

bellowB. 

10.  P     pressure  is  applied  to  the   of  the  two  pressure 

t2  — 

belloys . 

11.  The  schematic  shown  In  figure  12  is  a  transducer  manufactured 
by  company, 

12.  Forces  that  unbalance  the  beam  are  produced  by  P^^  ^^-^ 
pressures  applied  to  the   , 


Answers  to  Frame  9:  1* 


85,.  " 
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FrajBe  11 

A  schematic  of  the  AlResearch  transducer  is  shown  In  figure  12. 
Notice  the  DC  motor  and  the  mechaalcal  arrangement  used  to  turn  the 
Jackscrew  and  thus  move  the  fulcrum*    Note  also  the  contactor  aBseQ£>ly 
of  one  end  of  the  bean»    The  beam  is  electrically  grounded  and»  when 
tllted»  grounds  one  contact  or  the  other. 

The  functions  of  the  electrical  system  within  the  transducer  ate 
listed  below: 

1*     An  electronic  power  source  within  the  transducer  furnishes 
DC  voltage  to  che  transistors  and  motor  and  AC  voltage  to  the 
synchros*    The  power  transformer  steps  down  the  AC  voltage,  which  is 
changed  to  DC  by  TWO  rectifiers* 

2.     The  motor  control  circuits  start  and  stop  the  motor  and 
control  the  direction  of  rotation*    These  circuits  consist  of  a 
contactor  assembly,  two  transistors,  the  motor  coil,  and  their 
(Connections  to  the  power  transformer. 

The  two  transistors  control  motor  current*    Both  transistors 
have  reverse  bias.    In  this  reverse  bias  condition  (as  shown  in  figure  12) 
they  act  as  open  switches,  so  that  the  motor  will  not  operate. 

Hark  the  following  stateiaants  true  (T)  or  false  (F)  . 

 ^1.      The  motor  chat  turns  the  jackscrew  operates  on  DC, 

2*      The  rectlfieL*  converts  AC  to  DC, 


3,     P  .  is  applied  to  the  inside  of  the  pressure  bellows. 


Answers  to  Frame  10:    1.    inlat     2.    exhaust     3,  tilts     4.  fulcrum 

5,    bellows,     6.    mptor^     7.  rebalance 

S,  5 •    outside     10 .  inside     11 .  AiResearch 

12  >    bfel  lews  . 
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This  illustration  is  to  be  used  in  frame  11. 


Frame  12 

Figure  13  is  an  illustration  of  the  events  that  occur  irfien  the 
beam  is  unbalanced  and  the  fulcrum  is  moving  to  a  lower  EPR  position. 
(Arrows  portray  current  flow  in  the  motor  circxiit.)    As  the  motor 
turns,  the  VAQ  synchro  transmitter  rotors  turn  to  generate  indicator 
synchro  signals. 

When  P^^  pressure  decreases,  the  balance  beam  tilts  dojm,  the 

lower  contactor  assembly  is  grounded  as  shown  in  figure  13*  The 
transistor  Ql  now  has  forward  bias  and  acts  as  a  CLOSED  switch. 
Current  flows  through  the  motor,  the  motor  runs  to  rebalance  the  beam 
and  opens  the  ground  lead  stopping  the  DC  motor* 


DECREASES 


1 15  V  400/^^ 


Complete  the  followir-g  suareuenus  by  filling  in  the  blanks. 

1.  The  transducer  has    transistors- 

2.  The  contactor  assembly  is  located  on  one  end  of  the 
3*      The  beam  is  electrically   . 

Answers  to  Frame  11;       T    1.       12-       F  3. 
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8^  : 


Frame  13 

See  figure  14.    The  balance  beam  upper  contacts  (as  shown)  are 
closed  when  P^^  pressure  Increases*    This  ground  provides  forward 

bias  for  Q2  transistor  allowing  the  DC  motor  to  run»  moving  the 
fulcrum^  repositioning  the  beam  to  NULL  (centered  position),  opening 
the  ground  lead  and  stopping  the  DC  jootor* 

iNDtCATOi 


Figure  14* 

Complete  the  following  stateitents  by  filling  in  the  blanks* 
1*      The  transistors  are  used  as  electrical  > 


2*     Indicator  voltage  signals  are  generated  in  the  synchro 


3,     Components  of  the  E?H  ^ystam  include  a  and  an 


4*  bias  causes  the  co  stop^  which  the  beam* 


Frame  13  (Continued) 

Refer  to  figure  14  to  complete  the  following  statement. 

Circle  the  correct  answer  to  the  following  responses* 

5*     With  the  DC  motor  running,  the  jacfcscrew  will  turn  and  the 
moveable  fulcrum  will  re-center  the  beam  and 

a.  remove  the  ground  from  Q2* 

b*  apply  ground  to  Ql* 

c.  open  P^^^^* 

d-  close  P^^  ports. 

6.      When  engine  speed  increases,  P  -  pressure  will  increase* 
This  will  cause 

a*      the  fulcrum  to  move  to  the  right. 

b*     Ql  to  have  forward  bias. 

c*      Q2  conducts  current  flow* 

d*     P  -  pressure  expands  lower  bellows. 


Answers  to  Frame  12:    1*    two     2*    beam     3.  grounded 


Frame  14 

Reference  schematic  diagram^  figure  15 >  to  answer  questions  on 
frames  14  through  19. 

The  voltape  reguir agent  for  the  operation  of  this  system  is  115V  AC 
400^hertz»  single-phase  AC.    This  voltage  Is  applied  to  the  primary  of 
the  XI  transformer.    The  primary  of  this  transformer  Is  tapped  and 
26V  AC  is  picked  OFF  to  power  the  rotors  of  the  synchros  of  the  trans- 
^  ducer  and  the  Indicator,    The  Bl  and  B2  synchros  are  located  in  the 

transducer. 

Circle  the  letter  preceding  the  correct  response* 
1«     XI  transformer  has 

a,  37-volts  DC  applied  to  it, 

b,  26V  AC»  400-Hz»  single-phase  AC  applied  to  it. 

c,  115V  AC>  400"Hz>  single-phase  AC  applied  to  it. 


Answers  to  Frame  13:    1.    switches    2,    transmitters    3.  transducer 

and  indicator  4,  reverse^  aotor>  nulls  (re-center) 
5.    a     5  c 


^3? 

Frame  15 

See  figure  15* 

The  secondary  of  Tl  transformer  steps  the  115V  AC  down  to  37V  AC* 
The  FOUR  rectifiers  are  used  to  rectify  the  AC  to  DC  for  the  operation 
of  the  tootor  and  transistors^ 

Circle  the  letter  preceding  the  correct  response* 

1«     The  FOUR  rectifiers  are  connected  to  tenninals 

a.  4  and  5  of  the  seconddry« 
b«  5  and  6  of  the  secondary « 
c«     4  and  6  of  the  secondary « 


Answers  to  Frame  14:    1*  c 
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Frame  16 


See  figure  15. 

The  transistors  act  as  electronic  switches.    They  have  a  reverse 
bias  voltage  applied  to  the  base.    As  long  as  this  reverse  bias 
voltage  is  applied  to  the  base»  the  transistors  will  NOT  conduct  and 
act  aa  an  OPEN  switch.    When  the  beast  contacts  CLOSE*  a  ground  is 
applied  to  the  base  of  the  transistor  and  forward  bias  is  applied 
to  that  transistor.    This  will  allow  the  transistor  to  conduct . 

Circle  the  letter  preceding  the  correct  response. 

1.     When  the  top  beam  contact  is  closed*  transistor 

a.  Ql  will  conduct  because  reverse  bias  Is  applied  to  the 
base. 

b.  Q2  will  conduct  because  reverse  bias  Is  applied  to  the 
base* 

c.  Q2  will  conduct  because  forward  bias  is  applied  to  the 
base. 

d.  Ql  will  conduct  because  forward  bias  Is  applied  to  the 
base. 


Answer  to  Frame  15:    1.  c 
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Frame  17 

See  figure  15 « 

There  is  a  set  of  limit  switches >  SI  and  S2>  mounted  so  that  as 
the  moveable  fulcnm  reaches  its  limit  of  cravel>  it  will  OPEN  one  of 
these  switches  opening  the  circuit*    This  causes  the  motor  to  STOP 
runnings    These  switches  are  to  prevent  overtravel  and  :]ammlng  of  the 
fulcrum« 

Circle  the  letter  preceding  the  correct  response » 

1*     When  switch  SI  opens >  it  will  break  the  ground  to 

a.  q2  transistor* 
b*  Ql  transistor* 
c<     the  DC  motor* 

2*     The  units  that  prevent  fulcrum  overtravel  are 

a<  the  beam  contacts, 

b*  SI  and  S2  switches* 

c<  Ql  and  Q2  transistors* 

d«  Bl  and  B2  synchros. 


Answer  to  Frame  16:    1.  c 


Frame  18 


See  figure  15* 

The  high  speed  and  lew  speed  transmitter  synchros  are  mechanically 
connected  to  the  DC  ntotor  through  a  gear  train*    the  DC  motor  drives 
th«8e  TUD  synchros  and  they>  In  tum>  will  send  a  signal  to  the  TWO 
synchros  in  the  indicator.    The  indicator  will  then  show  an  Increase 
jr  decrease  in  EPR  depending  on  which  way  the  motor  turns* 

Circle  the  letter  preceding  the  correct  response* 

1.     The  Bl  synchro  is  the 

a.  high  speed  synchro  In  the  Indicator. 

b.  low  speed  synchro  In  the  transducer. 

c.  high  speed  synchro  in  the  transducer. 

d.  low  speed  synchro  In  the  indicator. 


f 


Answers  to  Frame  17:    1*    a  b 


m 

Frame  19 

See  figure  15. 


The  EPR  system  during  operation  can  cause  unusual  Indications  on 
Che  Indicator.    If        ^-^^^  becomes  OPEN  with  aircraft  on  the  ground, 

the  indicator  will  read  the  same  and  show  an  Increase  during  flight. 


If  P^y  line  becomes  OPEN  with  aircraft  on  the  ground,  indicator 
will  read  LOW,  and  also  during  flight. 

Circle  the  letter  preceding  the  correct  response* 

!•     When  a  leak  occurs  in  the  the  indication  will  be 

a.  normal  on  the  ground  and  high  in  the  air* 

b.  normal  on  the  ground  and  low  in  the  air. 

c.  low  on  the  ground  and  low  in  the  air. 

d.  low  on  the  ground  and  high  In  the  air. 

2.     When  a  leak  occurs  in  the  P^^  line,  the  indication  will  be 

a.  high  EFR  indication. 

b.  erratic  EPR  indication. 

c.  low  EPR  indication. 

d.  normal  EPR  indication. 


8<-; 


Answer  Co  Frame  18;    !•  c 
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HK^H  speed) 
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SYNCHRO  0WPUT| 
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34V  400^  Ht  AC 

a 

nav,  400-  Ht  AC 
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HOTESi  VALUES  IH  OHMS,  MICrOFARACO,  AND  MIUJHEHRICS, 

•  DENOTES  RELATIVE  ORIENTATIOK  OF  WINDINGS, 
T>  TEST  POINTS 

Figure  15* 


TEST 
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•TEST 
VCLTACE 

tOLElUUtCE 

3«V  400- Ht  AC 

4 

3V^  -3V 

+OT  DC 

*1V0C 

*zav  DC 

-30V  DC 

^  «13% 

*3.5V  DC 

*3.5V  DC 

*I5V  DC 

*ALL  TEST  VOLTAGES  MUST  8E 
MEASURED  WITH  RESPCCT  TO 
GROUND.  DO  NOT  MEASURE 
VOLTAGES  OTHER  THAN  THOSE 
INDICATED. 


Answers  to  Frame  19;    1*    a     2,  z 
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3ABR32531-WB-206 
3ABR32632B-HB-306 


Technical  Training 


Avionics  Instrument  Systems  Specialist 
Integrated  Avloolc  Systems  Specialist 


EHGIKE  PRESSURE  RATIO  SYSTKK 
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3350  TECHNICAL^fRAINIIIG  WING 
3360  Technical  Training  Group 
Chanute  Air  Force  Base,  Illinois 


DESIGNED  FOR  ATC  COTOSE  USE 
DO  NOT  USE  ON  THE  JOB 


OdSOLeCTHS  ATC  rOftMS  JU.  MAY  69,  ^22*  «0V  «3  ANO  523.  MAV  7U 


STANDARD  COVtRSHSET 


Ins trument /Flight  Control  Branch  3ABR32531-WB-206 
Chanute  AFB,  Ulinois  3ABR32632B-WB-306 

INSPECTION,  OPERATIONAL  CHECK,  TKOUBLESHOOT  Am)  BENCH 
CfiECK  THE  ENGINE  PRESSURE  RATIO  SYSTEM 

OBJECTIVES 

Given  a  workbook,  tools,  test  equipment,  and  trainer,  perform  an 
inspection  and  operational  check  of  an  engine  pressure  ratio  system 
with  an  accuracy  of  100%  correct  workbook  respondeat 

Given  a  workbook,  test  equipment,  and  trainer,  troubleshoot  the 
engine  pressure  ratio  system  with  an  accuracy  of  100%  correct  workbook 
responses , 

Given  a  workbook,  test  equipment,  and  trainer,  bench  check 
components  of  an  engine  pressure  ratio  system  with  an  accuracy  of  100% 
correct  workbook  reaponses. 

EQUIFMENT 

Basis  of  Issue 

3ABR32531-WB-206/3ABR32632B-WB-306  l/student 

Teater,  Pneumatic  Part  #268000  l/student 

Trainer,  Engine  Instrument  #2951  l/student 

Multimeter  1 /student 
Synchro  Instrument  Field  Test 

Set  (EPR  Indicator)  l/student 

TO  1B-52B-2-6  EXTRACT  l/student 

TO  5P3-4-32-3  EXTRACT  l/student 

TO  3302*6-85-41  EXTRACT  ,  l/student 

Wrench  (3/8  X  9/16)  l/student 

PROCEDURE 

Remove  ALL  JEWELRY  when  working  with  electrical  equipment.  Obaerve 
ALL  safety  precautions.    Follow  the  instructions  in  the  TO  EXTRACTS  and 
the  workbook  to  prevent  damaging  the  trainer  or  test  equipment *  The 
TO  EXTRACTS  are  attached  to  the  BACK  of  this  workbook.    Place  a  checkmark 
(/)  on  the  proper  blanks. 

Note:    Obtain  ALL  necessary  equipment  BEFORE  starting  lab. 

Part  1,  INSPECTION 

1.     Visually  inspect  the  transducer  for:  SAT  UNSAT 

a.  Worn  or  broken  shock  mounts*     

b.  Dented  or  broken  case,  _____ 


Supersedes  3ABR32531-WB-211»  13  January  1975*  ^ich  may  be  used  until 
e:d^ting  stocks  are  exhaiisted, 
OPR;    3360  TTG 

DISTRIBUTION!    X  S  ^  V 

3360  TTGIC/W  -  300;    TTVSR  -  1  2 


c.     Damaged  electrical  connector     

d*     Security  of  mounting*     

2*     Visually  inspect  the  £FR  indicator  for: 

a*     Cracked  or  loose  glass*     

b*     Condition  of  fluorescent  markings  *     

c.     Condition  of  pointers.     

d*     Dented  or  cracked  case*   

e*     Damaged  electrical  connector*     

f*      Security  of  mounting*    ^ 

3.     Visually  Inspect  the  electrical  wiring  for; 

a*     Frayed  or  broken  wire*     

b*     Damaged  connector  plugs*     

c*     Scorched,  frayed,  or  broken  insulation*     

d*     Security  of  mounting*     

e*     Trouble  switches  In  "OUT"  position*  _   

Fart  2*    OFERAXIOKAL  CHECK 

1*     Refer  to  the  EXTRACT  from  TO  33D2-6-85-41,  section  II, 
paragraph  2*7  through  2-9a  abd  b  for  the  Operation  of  the  Tester* 

a*     The  LEAK  check  is  satisfactory  ^  unsatisfactory  * 

Note:    Using  the  hose  in  tester,  connect  it  to  the  exhaust  port 
of  the  transducer*    Use  the  pressure  system  ONLY;  PUMP  UP  pressure 
as  NEEDED  while  performing  the  following  checks. 

2.     Perform  the  operational  check  on  the  EFR  system  using  the 
EXTRACT  from  TO  1B-52B-2-6,  paragraph  3-80>  steps  4  through  14* 

Note:    While  performing  steps  7  through  14,  TAP  EPR  indicator 
lightly  to  remove  friction  error  in  indicator* 

a*     The  EPR  indicator  test  in  step  7  is  sat   $ 

unsat  ,  Indicator  Reading  . 

b*     The  EPR  indicator  test  in  step  8  is  sat  , 

unsat  *  Indicator  Reading  . 

c*     The  EPR  Indicator  test  in  step  9  is  sat  , 

^sat      , ,  ,*  Indicator  Reading  * 

3 


unsac 


unsat 


unaac 


tmsat 


unsat 


d.     The  EPR  indicator  test  in  seep  10  Is  sac 
t  Indicator  Reading   , 


e*     The  EPR  Indicator  test  in  step  11  Is  sac 
t  Indicator  Reading  , 


£.  The  EPR  Indicator  test  In  step  12  Is  sac 
 ,  Indicator  Reading  , 


g.     The  EPR  iBdlcaCor  test  in  step  13  is  sat 
.  Indicator  Reading  , 


1. 
2. 


h«     The  EFR  Indicator  test  in  step  14  is  sat 
Indicator  Reading  ^ 

Part  3,  TROUBLESHOOTING 

Pump  UP  pressure  to  40  psl« 

Place  trouble  switch       to  the  IN  position* 


a«     OPEN  PT  7  pressure  valve  and  observe  the  indication 
on  the  EPR  Indicator  while  Indicator  Is  going  upscale*  then  CLOSE  the 
valve* 


b.     Main  pointer  Indication  Is  erratic 


Inoperative 


normal 


c.     Vernier  pointer  indication  is  erratic 
inoperative   ^        normal  t 

3t     Place  trouble  stritch  &1  to  the  OUT  position  and  place  trouble 
svitch  92  to  the  M  position, 

a\     Using  valve  #3,  bleed  the  pressure  OFF  and  NOTE  the 
indication  on  the  EPR  indicator,  while  the  indicator  la  GOING  dowascale. 


b»     Main  pointer  indication  is  erratic 


inoperative 


normal 


c»     Vernier  pointer  indication  is  erratic   

Inoperative  ^  normal  t 

4,     Place  trouble  switch  #2  to  the  OUT  position • 

5t     OPEN  valves  1' through  5  and  bleed  down  pressure  in  tester* 

6,  Disconnect  tester*  stow  the  hose  and  close  the  tester* 
Return  yrench  to  the  tool  boxt 

7,  Turn  OFF  the  power  switch*  pull  the  circuit  breaker  and 
disconnect  the  trainer  from  the  pover  source, 

8,  Connect  test  leads  to  multimeter  and  ZERO  the  multimeter. 
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9.     Discoimect  the  electrical  connector  plugs  from  the  Indicator 
and  transducer* 

10.  Place  trouble  switch  iSfl  to  the  IN  position*  Fill  In  the 
correct  wire  number  on  the  blank  provided  and  Indicate  the  type  of 
trouble  (open,  ahort,  etc). 

a.     Wire  number  . 


b.     The  trouble  Is   . 

11.     Place  trouble  switch  ifl  to  the  OUT  position  and  place  trouble 
switch  92  to  the  IN  position.    Fill  in  the  correct  wire  nuoiber  on  the 
blank  provided  and  indicate  the  type  of  trouble  (open*  short*  ate). 

a.  Uire  number   * 

b.  The  trouble  is   . 


12,  Place  trouble  switch  #2  to  the  OUT  position. 

13,  Reconnect  the  electrical  connector  plugs  to  the  indicator 
and  transducer  (32632&  ONLY) . 

14,  On  the  multimeter >  turn  function  switch  to  DC  volts  and  turn 
the  range  switch  ALL  the  way  to  the  right  (Safety  L). 

15*     Disconnect  leads  from  multimeter  and  return  the  leads  and 
multimeter  to  the  cabinet. 

Part  4,    BENCH  CHECK  IHDICATOR 

Note:    For  3ABR32531  STUDENTS  QMLY. 

1.  Set  ALL  switches  and  controls  to  OFF  or  fully  counterclockwise 
position  on  the  synchro  field  tester. 

2.  Connect  power  cable  '*A**  (Q&S6030-*1)  to  power  input  connector 
#10  on  test  unit.    Connect  the  other  end  of  this  cable  to  115V  AC»  400  H2 
output  plug. 

Note;    Make  sure  power  switch  ifl7  on  the  tester  Is  In  the  OFF 
position. 

3.  Connect  cable  "G"  (^fQB86030-l)  to  teat  unit  connector  &9  on 
tester. 

4.  Connect  cable  *'J"  (ilfQB84998-l)  to  cable  "G"  (#QB86030-1) . 

5.  Remove  EPR  indicator  from  trainer. 

6.  Connect  DUAL  cable  "K**  (plastic  covered)  to  Indicator. 

7*     Connect  cable  "J"  (j?QB849998"l)  to  DUAL  cable  marked  low 
speed  synchro* 
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8.  Turn  ad.luster  knob  on  tester  trans.  U  to  ZERO  degrees. 

9.  Place  SYJI  IHD  knob  M  to  CAL  position  and  switch  92  to  SYN 
JND  position. 

10.  Place  switch  Ifl7  to  ON  position.    Power  lamp  #16  should 
GLOW,  indicating  tester  is  ON. 

11.  Refer  to  the  EXTRACT  from  TO  SP3-4-32-3.  paragraph  lie  and  f. 
to  perform  the  scale  error,  friction  error  and  position  error  tests  on 
the  main  dial. 

12.  Test  the  Indicator  for  scale  error  by  positioning  the  calibrator 
(trans,  ifl)  at  the  setting  shown  in  the  CHART  beloy..    Place  a  checkmark 
(/)  and  response  in  the  proper  columns. 

13.  Test  the  Indicator  for  position  error  by  rotating  the  indicator 
about  its  axis  on  a  plane  90  degrees  from  the  HORMAL  position.  Indications 
must  remain  within  tolerances  Indicated  In  CHART  bgiow.    Also  perform  the 
friction  error  check. 

14.  Perform  friction,  scale  and  position  error  at  the  same  time. 

Note:    If  not  correct,  adjust  trans.  #1  until  Indicator  reads 
EXACT  engine  pressure  ratio  units  as  shown  on  the  CHART  BELOW. 


Trans  #1 

Press  Ratio 

Tolerances 

Friction 

Scale 

Setting 

Exact 

Units  On 

Error 

Error 

Degrees 

Degrees 

Indicator 

Degrees 

Before  Tap 

After  Tap 

S 

U 

S 

U 

51. 0 

1.20 

1.20 

87.8 

1.50 

1.20 

124.6 

1.80 

1.20 

149.1 

2.00 

1.20 

173.7 

2.20 

1.20 

180.0* 

2.25 

• 

186.0 

2.30 

1.20 

198.3 

2.40 

1.20 

222.8 

2.60 

1.20 

271.9 

3.00 

1.20 

321.  G 

3.40 

1.20 

*  Electrical  Zero  „ 
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a.  Friction  error  test  is  satisfactory   

unsatisfactory   . 

b.  Scale  error  test  is  satisfactory       ^     unsatisfactory  , 

c.  Position  error  test  is  satisfactory   

unsatisfactory  . 

d.  Electrical  zero  check  is  satisfactory   

unsatisfactory  ^ 

15.  Place  power  switch  //17  to  OFF  position* 

16.  Disconnect  low  speed  synchro  test  CABLE  'Ic*'  from  CABLE  "J** 
(tfQB84998-l)  ,  and  connect  high  speed  synchro  test  CABLE  "K*'  to  CABLE  "J" 
(iJQB 84998-1). 

17.  xum  adjustioent  knob  on  tester  trans.       to  ZERO  degrees. 

18.  Place  power  owitch  jfl7  to  OH  position. 

19.  Refer  to  the  EXTRACT  from  TO  5P3-4-32-3»  paragraph  lie  and  f, 
to  perform  the  scale  error,  friction  error  and  position  error  tests  on 
the  SUB  dial. 

20.  Test  the  indicator  for  scale  error  by  positioning  the  cali- 
brator (trans  iSFl)  at  the  setting  shown  in  the  CHART  below.    Place  a 
checlciDark  (vO  and  response  in  the  proper  columns. 

21.  Test  the  indicator  for  position  error  by  rotating  the  indicator 
about  its  axis  on  a  plane  90  degrees  from  the  NORMAL  position.  Indica- 
tions must  remain  within  tolerances  indicated  in  CHART  b^low.    Also  perform 
the  friction  error  check. 

22.  Perform  friction*  scale  and  position  error  at  the  same^  time. 


Note:  If  not  correct*  adjust  trans.  ^\  until  indicator  reads 
E3CACT  engine  pressure  ratio  units  as  shown^  on  the  CHART  BELOW. 


Trans  illl 

Setting 

Degrees 

Exact 
Degrees 

Press  Ratio 
Units  On 
Indicator 

Tolerances 
Degrees    Before  Tap 

After  Tap 

Friction 
Error 

Scale 
Error 

S 

u 

S 

u 

68.0 

0.O2 

3.6 

140. 0 

O.04 

3.6 

184.0* 

O.053 

212.0 

0.05 

3.6 

284.0 

0.08 

3.6 

356.0 

0.10 

3.6 

*  Electrical  Zero 
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a.  Friction  error  test  is  satisfactory   

unsatisfactory  . 

b.  Scale  error  test  is  satisfactory    unsatisfactory  _ 

c.  Position  error  test  is  satisfactory   

uasatla  factory 

d.  Electrical  zero  check  is  satisfactory   

unsatisfactory  ^. 

23.  rum  adjuster  knob  (trans.  //I)  to  ZERO  degrees. 

24.  Place  power  switch  #17  to  OFF  position. 

25.  Disconnect  DUAL  test  cable  from  indicator. 

26.  Place  Indicator  back  in  trainer  and  reconnect  indicator  and 
transducer  trainer  to  electrical  connector  plugs. 

27.  Disconnect  power  CABLE  '*A"  <?QB86962-1)  from  115V  AC  400  H2 
outlet . 

28.  Disconnect  power  CABLE  '*A"  <j*QB86062-l)  from  tester  and  stow 
cable  in  tester. 

29.  Disconnect  high  speed  synchro  CABLE  '*K*'  from  test  CABLE  "J" 
(?QB84998-1)  and  stow  DUAL  cable  in  tester. 

30.  Disconnect  test  CABLE  "J"  <#QB84998-1)  from  test  CABLE  "G" 
(^QB86030-1)  and  stow  cable  in  tester. 

31.  Disconnect  test  CABLE  "G"  (iifQB86O30-l)  from  tester  and  stow 
In  tester. 

32.  Close  lid  on  tester  and  put  tester  back  on  shelf. 

33.  Turn  workbook  into  instructor. 


S7J 
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SS3 

Porographf  2<1  to  2<6 


SECTION  II 
OPERATION  AND  SERVICE 
INSTRUCTIONS 


§ 

M 
3 


2.K  CONTROL  INOICAIORS,  AND  CONNECTIONS. 

2*2.  OperitioA  of  thU  rater  requim  complete  fatniliflt* 
Ity  with  ill  components  of  the  tcmr  (See  figure  2*h) 
See  figure  2*2  for  ■  Ibt  of  controls,  indicttortt  tnd  con^ 
nectiofu  tnco^rited  in  this  tester,  end  <teicripciofi  of 
their  functioci.  In  eddition,  see  figure  2^3  for  plumbiAg 
irnttgfmtot  used  In  this  toter  for  each  of  rw  test  set^ 
upt.  Pmviiiona  art  Included  in  this  lesttr  for  conneaioo 
to  exttmal  pressure  tnd  vscuum  sources  is  in  optional 


h  Ethow 

y  C*p  Atif 
6,  Vmhm  ^ 

Pnmpimg  Am 


16.  Vsipt 

IB.  V4ht 

1%  ?Mmpm$Attj 

to.  Stttw 

22.  <;*jt# 

27.  PUit 

2^*  C^Mptimg  Atij 
29.  C^Mpimt  Atty 
^0*  Cm  Atif 


24. 

2y 

26. 


method  of  lupplyttig  these  requirements*  (Set  figute 
2-4.)  Pressure  end  vicuom  gages  ate  provided  for  indt* 
citing  either  externally  procured  or  manuaily  obtatmc; 
pi  assures  and  vacuums^ 


CAUTION 


Compofttftli 


The  machmeters  (2,  21,  figure  2*1),  absolute 
prestutt  gages  «  12),  vacuum  gagt  (U),  and 
piessutt  gage  (22)  are  delicact  instnimtots  and 
must  be  handled  with  eacttemt  cart  at  all  times. 

2<3*  PREPARATION  POR  U$C«  (Set  flsutt  2<K) 
2*4.  GENERAL 

a.  Remove  screws  (37,  figure  5-1)  and  lift  out  gages 
(3$,  36)  with  pneumatic  lines  attached.  Remove  hose 
assemblies  (7,  8,  9,  figttct  2*4)  or  remove  screws  (20; 
figure  2*1),  and  carefully  lift  out  ptnel  of  case  tsscnibly 
(30)  to  permit  access  to  interior  of  tester. 

b.  Set  figure  2<3  for  schematic  of  altetnatt  ptombing 
arrangemenr  usto  in  operating  tester*  Setup  No.  1  shows 
the  installation  of  machmeter  (11,  figure  1*1)  and  abso* 
lute  pressurt  gage  (12)  used  to  ptrform  operatuMBtl  test* 
Setup  No.  2,  figure  2<3,  shows  instailattoii  of  two  abso* 
lute  prcsturt  gagea  (4,  12,  figure  2<l)  ttsed  to  obtain 
pressure  ratios  to  conform  with  engine  pitsMitt  ratio 
transducer  valves. 

2  5.  INSTALLATION  OF  ALTERNATE  SETXJP. 
2^.  SETUP  NO.  2.  Prepare  setup  as  follows: 

a.  Remove  gage  (4,  figure  2^1)  stored  in  cover  of 
case  assembly  (30)  for  use  in  place  of  machmeter  (21)* 

b.  Discoftnea  hose  assemblies  (8,  %  figure  2*4)  from 
machmeter  and  one  hose  assembly  (7)  from  absolute 
pressure  gage  (12,  figure  2*1)  to  P^. 

c  Connea  one  hose  assembly  (8,  figure  2*4)  to  abso* 
tute  pressure  gage  (4,  figure  2^1),  and  one  holt  assembly 
(df  figure  2*4)  from  absolute  pressure  gagt  (4*  figure 
2*1)  to  Pt,. 

d.  Insult  cap  (3^  figure  2*4)  on  absolute  pressure 
gag6l«^f30). 


StfttmiH 

Fdragraph*  2-7  to  3*9 
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Ctf* 

Indicitc*  ibtolute  pmiurc  <0  to  100  in,  Hg  fbi). 
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UdMM 

VACIJUK  iXTCTNAL 

H4HC  fiicmbix  conncniofi  for  extctntl  vtcuiun  lint. 

Uitd  to  K-oiami  P^^  intcc  vftMtm  of  omt  under  ,u«c*  * 

U^d  lo  loiuMct  to      cxhfttfc  iytum  of  i4fiii  under  ft*t* 

10 

l\how 

Pmvfdct  i-tHiiict-ttoa  in  inltt  <>f  unit  w>d«e  ittt* 

10 

Elbiiw 

Pit 

Providti  aHN»«:tio«i  lu  eshtuii  of  udtc  UAdtr  tcti. 

15 

VmIvc  ^ 

EqutltM*  pressure  betwtto       ar.d       when  uAtd  fot 
vfcuum  at  ilcittide- 

11 

VAaJUM  SOURCE  (In.HK) 

tnduftci  vicuum  (u  m  30  ui.  Hf 

Mtihnicccr 

Induitt*  tNich  (0,5  fn  1.5)  io  uniu  of  prwure  riiio^ 

13 

Fiunpirtit  Atty 

VACUUM  PUMP 

U>cd  itie  minutl  cvatueiioo. 

li 

Vtlvc  No-  4 

Pj^  PRESSURE 

RcKulites  t^HUit  pr«uur#  to  unit  uoder  iMt* 

~Pt:  BLEtb' 

Rcicutaiee  cxhauit  bleed  to  uofc  uodcr  tttL 

Vflvf 

Pt^  bleed 

Regtilfic*  vAvuuin  bleed  co  unit  uAdee  uft* 

Vttvc  Ni*.  1 

Rcgulftci  inlet  vacuum  m  unit  uodte  cdi. 

Ufvo  if>r  mioiin  prcuurvmion.  ^ 

1 

PR£S51;KE  source  PSIG 

fndiuitt  prctMfre  (0  to  ^lO  pfi|c)  (dciwiucfcam  nf  tMm* 

Socket 

I^ESSUKE  EXTERNAL 

HiHe  #s#^ff)bty  coiMiccitdfi  fuf  opcittiiiU  cxiefiul  preffw^i  * 

i 
< 

PRESSURE  REGULATOR 
EXTERNAL  SOURCI 

Rcitulfit*  prtMure  of  esticmel  preieuct  imirce^ 

*Siop  t«Cch 

Uwd  Utt  eiruritc  ttminfi  of  prcuurt  «od  vKuiim  diCiX 
rfiti. 

Jf 

Oiupiirtg  Any 

ll^d  to  MttM-b  Py^  hoit  MHmbiy  to  pttoc  hetd,  ^ 

19 

Oiupli»|i  A»V 

Uied  to  •ttecH            tieenblir  to  pttoc  head. 

*Stop  wftccb  P«rtNo*  Ul  no  tont^f  (umUhctl  M  p4fi 
of  tefc  ict*  Item  It  tit  h*  tcquifitiomctl  ffoA  Appiopd* 
•Cc  tupplx  ctt«f  '  1  ia      te<titiicd  biftf* 

Fi'gur*        CoAfro/i^  lA<ffctffort^  and  ConnocfloAi 
CoAtttcr  loose  end  of  hose  ts»mbly  (9)  to  jbsotute 
pressure  gsge  (12,  figure  2-1)- 


CAUnON 


3*7.  OPiMTION. 

2  %.  PREUMtNARY  TEST.  (See  figure  2-L) 
Not« 

Tip  tit  gftges  Irgbcly  with  fingers  before  caking 
reedings* 

2*9*  TfSt  pressure  wio  crjnsducer  tester  isiembly  eech 
diy  before  using  ts  follows^ 

1+  Place  alt  controls  in  the  off  or  neiitrtl  posittoit. 
Noct  that  alt  metering  valves  are  pbced  in  f<ilt  clockw-.* 
positioet*  „  ^  _ 


The  metering  valves  (14  thru  17)  art  sensitive 
and  should  be  closed  without  vndue  force  or 
damage  ni«y  mult 

b*  Pressurise  tester  to    40  psl  by  ^ 
means  of  pumping  assembly  (19)^  Note  thst  thtt^  is 
no  leftkage  hy  observing  pressure  gage  (22), 

c  Evacuate  tester  to  25^0  inches  of  mert-jiy  by  :»eafts 
of  pumping  assembly  (13)^  Note  that  there  is  no  leakage 
by  observing  vacuum  gage  (U). 

Not« 

^  Apply  one  drop  of  lubficati^g  oil  (Spectfki- 
10     tion  MIL-L'tiOdti)  daily  on  each  piston  tod  of 
pumping  aasemblies  before  uiing. 
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-EHOmt  INBTRUMSNT3 
EKOnfS  PREdSUH£  RATIO  INDICATING  SY5 
OtMrttlonil  Ch«ekDut 


5-«d.  PROCEDURE  FOB  TESTER  P/N  268000  (TEST 
SETUP 


1*  Ra1«4  englM  upper  side  cowl  panel  so  that  eoc- 
hauat  pr«itur«  connector  la  acceaalbla  (3  and 
5»  flgnrt  5*19)* 

3*  Check  that  axhauatpretsure  drain  tubea  are 
sealed  ehut  either  with  cape  or  with  valvea* 

3*  Dlaconnect  exhaust  pressure  line  either  at  con* 
nectlon  to  probe  (or  probe  manifold)  or  at  flexi- 
ble line* 

3A*  Check  that  tester  plumbing  conforms  to  TEST 
5£TUP1  shown  In  figure  3-l(!A*  (Refer  to 
T*a  33D2-a-a5-41  for  additional  tester  In- 

f  ormAtlofi* } 


NOTI 

Check  that  tester  absolute  pressure  gages  and  maehmetsr  ars  cali- 
brated per  T*  33D2->6-a5-41* 


4*  Connect  pressure  lljie  (PX7}  of  portable  trans* 
ducer  test  set  to  connector  selected  in  step  **3* " 
Tester  P^s  U&e  must  remain  open  to  atmos- 
phere< 

5*  Check  that  external  electrical  power  Is  con-^ 
nected. 

e.  Close  ENG  PRESSURE.  RATIO  IND  circuit 
breakers  on  pilot's  auxiliary  circuit  breaker 
paneU 


CAUTION  j 


Do  not  exceed  d5«  00  Inches  of  mercury  absoluts  (47  psi  absdute)  on 
the  exhaust  pressure  line*   Maximum  diflereotlai  between  the  two 
pressures  must  not  exceed  70  Inches  of  msrcury  absoiuts  (34  psi 
absolute)  at  any  time*  permanetii  daaiags  to  the  transducsr  may 

result* 


9A*  Check  that  tester  VALVES  1  thru  5  are  closed 

6B«  If  tester  preesure  pump  Is  not  used,  ccmnect 
external  pressure  source  and  adjuet  pressure 
regulator  to  maintain  a  pressure  of  not  more 

I       than  47  psla* 


REPRODUCTION  FOR  ATC  TRAINING  USE  ONLY. 

II 


DO  NOT  USE  ON  THE  JOB* 
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CKGIN£  PRESSURl  RATIO  INDICATING  SYS. 

Operational  Checkout 


tm 

7*  Utloc  viivt  4  (Pt7  pressure),  raise  pr«iittr« 
tttttU  mtduntttr  rttdi  0*  d» 

EPR  indicator  on  pUoti'  Itiitrunwat  puel  ihould 
read  t  a  (±0.030). 

HOTt 

Valva  S  (CB06SBLEED)  may  bt  In  conjUBcUon  with  Pt7  PRSS<^ 
SURE  viivi  to  obtain  dealr«d  ntachaetor  reading* 


i*  RalMproaaure  until  machmet«r  r«ada  UO. 

9*  RaUa  pr««tur«  until  miGhm«t«r  reads  h  2* 

10.  RalMpraaaura  until  nmcfimettr  reads  1,3. 

11*  RaUaprotittre  until  michmeter  read!  1,4. 

12.  With  Indicator  readlnf  any  value  above  U  20, 
open  ENC  PRESStmE  RATIO  IND  clrnUt 
bf tahir  for  enfina  under  teaL 

13*  With  ctrcttlt  breaker  itlU  open,  change  teat 
preMurea* 

H*  Close  circuit  breaker. 


EPR  Indicati^  should  read  1. 80  (±0*  030). 
EPR  Indicatar  should  read  2. 41  (±0*  030)* 
EPR  Indicator  should  read  2*  71  (±0*  030)* 

EPR  Indicator  ihould  read  3.  OS  (±0. 090). 

Indicator  readlim  should  not  change  while  circuit 
breaker  is  Ofwu. 

Indicator  reading  should  not  change* 


Indicator  pointer  should  move  to 
within  0. 1. 


pressure  ratio 
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Add  case  (9)  for  approxinKiciy  fm  secondi  There  must 
be  no  indtcition  of  inauUcioa  bretkdowa. 

tu  Apply  oae  drop  of  lubrtadng  oil  (Miliary  Specie 
ficAdoct  M1L*L^S0I9)  to  teeth  of  gein  (21,  28),  then 
initiil  iptcer  nog  <3)  and  cm  (5).  Install  retaining 
tin  (2)- 

0.  Do  not  ifUtiU  tube  in  connector  (16),  solder  tt* 
ttiolog  ring  (2)  in  ptace,  or  solder  n«meplate  (1)  on 
coiutfctor  untii  unit  his  been  cilibrated  In  accordacice 
with  ptrtgnph  11. 

p.  Insert  end  of  soft  copper  tubing,  tuppJted  in  kir, 
%*iAch  deep  into  smM  hole  in  connector  (\6);  solder 
titbt  in  pUce.  Perform  test  procedure  outlined  in  ptrm- 
graphs  lU  thru  \if,  then  solder  completely  around 
retaining  ting  (2),  using  minimum  amount  of  solder 
(Federal  Specification  QQ-Ji*571,  Type  Sn(S0-W^AR*P2) 
oetded  to  obtain  a  hermetic  seal. 

Iftftalt  nameplate  (t)  and  secure  with  a  drop  of 
toldtr  (Federal  Spedficatton  QQ-S*571,  Type  Sn60*W- 
AR*P2)  on  each  pin. 

r.  Tliorottghty  dry  interior  of  assembled  unit  by  bak* 
ing  at  ISO^P  to  160^F  (<5.S^C  to  Tl^C)  for  five  to  *jx 
hourly  then  connecting  ftlting  tube  of  connector  (16) 
to  a  vacuum  pump  and  reducing  pressure  inside  unit  lo 
10  microns  nf  mercury  absolute  for  a  minimum  of  10 
hours, 

i*  Fressurtie  uaji  to  IS  to  i$  p$i  absolute  wiih  helium 
of  at  least  9fl  percenr  purity,  free  of  durr  patttcles*  and 
conuining  not  more  ihan  C.006  milligram  of  water 
vapor  per  liter  at  filling  press" Ctimp  filling  tube 
ti^tly  m  three  or  four  locatjot^^  H  outer  end  of  tube 
and  solder  over  hole  in  end  of  tube  using  solder  (Federal 
Specification  QQ-S^JTl,  Type  Snti0-W-AIl*P2).  Perform 
leakage  test  and  moisture  content  test  zs  outlined  in 
paragraphs  11;  and  lU.  before  final  crimping,  cuning^ 
and  soldering  of  filling  tube  is  accomplished. 

t.  After  unii  has  aattsfaciorily  passed  leakage  and 
moisture  content  test,  crimp  ftUinj  tube  as  close  as  pos^ 
sibJe  to  flange  of  conntirtor  (l6);  cut  and  flatten  tube, 
then  solder  to  flange,  using  solder  (Federal  Specification 
QQ*S-S7I,  Type  Sn«*W-Afi.P2).  Tube  must  not  extend 
more  than  0.049  mch  beyond  rear  of  case. 

u.  To  reftnish  painted  areaa,  mask  off  ^lass  (4), 
connector  (l6)  and  M  of  soldered  end  of  unit.  Then 
apply  one  coar  primer  (E42GP1],  Sherwin- Williams, 
Cleveland*  Ohio*  or  equivalent;  no  known  Government 
specification)  and  allow  to  air  dry  a  minimum  of  two 
houn.  When  primer  is  dry,  apply  one  coac  Nack  lacquer 
(Specification  M1I*I^<S809)(A£II),  (Color  No.  604) 
and  allow  to  :itr  dry  minimum  of  four  hours. 
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11.  TEST  PROCEOUIIE. 

a.  Pfrform  c^ihr^iion  tM  m  fotlom;  Connect  indi- 
cator to  7CAC^80212$  CaUbrator. 

b.  Adjuir  calibrator  for  main^dial  electrical  lero  call* 
bration  test.  With  indicator  etiergiaed,  main  dial  pointer 
on  indicator  must  point  to  electrical  ien>  matk  on  Indi- 
cator dial  (2.29  pressure  ratio  mack). 

c  Adjust  calibntoc  for  sub*dial  electricat  lero  cali- 
bration test  and  check  rbat  sub*dial  pouictr  on  indicator 
points  to  electrical  ien>  mark  on  indicator  dial  (0.0$2 
preitufi  ratio  ma^). 

d.  Energiae  phase  test  circuit  of  calibrator  until  sub- 
dial  pointer  comes  to  rest;  pointer  most  atop  at  a  post* 
tion  apptoximately  180  degrees  from  electrical  lero. 
De*en«gize  phase^test  drcuit;  pointer  must  return  to 
electrical  tcro  and  must  noc  oecillate  more  than  19  sec^ 
ondi  before  coming  to  a  full  stop^  Repeat  test  formain^ 
dial  pointer. 

e.  Teat  the  indicator  for  scale  error  by  positioning  the 
ciiibrator  pointtr  at  twingi^  ihowt^  in  figure  9«  Pressure 
ratio  indicator  unit  indications  and  colcraiKei  must  be  as 
shown  in  figure  5* 
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flffttre  5.  Scole  Error  tear  Dnfo 

f.  P^orm  friftion  irr<n  and  pontion  error  tatt  ai 
follows:  Repeat  ttr^.^a  outlined  in  ^gure  9,  but  rotate 
indicator  about  its  axis  on  a  plane  90  degrees  from  nor* 
maj  position  to  test  for  positjon  error.  Indications  must 
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FOREWORD 


This  programmed  text  was  prepared  for  use  in  course  3A3R32531 
Avionic  Instrument  Systems  Specialists    This  text  has  been  validated 
using  30  students  from  the  subject  course^    Twenty-nine  of  the  students 
achieved  the  objective  as  stated^  average  completion  time  is  26  minutes* 

OBJECTIVE 

Without  references^  identify  facts  pertaining  to  the  purpose^ 
operation »  and/ or  characteristics  of-  the  resistance*-' type  liquid  quantity 
indicating  system  vlth  an  accuracy  of  at  least  80%« 

INSTRUCTIONS 

This  progranned  text  presents  information  in  small  steps  called 
^^frames/^   After  reading  the  information  in  each  frame  you  are  asked  to 
actively  respond  to  the  statements  at  the  end  of  that  frame«    Place  your 
responses  on  the  answer  sheet  provided  vlth  this  text«    Check  your 
responses  for  accuracy  vlth  the  correct  responses  given  at  the  end  of 
the  following  frame«    If  you  make  an  incorrect  response^  reread  the 
frame  until  you  determine  why  you  were  In  error  before  proceeding  to 
the  next  frame«    After  completion  of  the  text  you  will  take  an  appraisal 
to  display  your  attainment  of  the  stated  objective«    Work  as  quickly  as 
possible,  but  DO  NOT  RHSHi 


Supersedes  3A£R32531-'PT^212»  4  October  1973* 
OPR:    3360  TTG 
DISTRIBUTION:  X 

3360  TTGTC-W  -  200;  TTVSR  -  1 
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Frame  1 

When  aircraft  were  first  developed  and  the  design  reaesbled  a  box^ 
klte»  the  fuel  and  oil  quantity  indicating  systems  consisted  of  a  dip 
stick  placed  into  the  tank  ^enever  the  pilot  felt  lllce  checking  the 
level*    This  system  worked  well  as  long  as  the  flights  were  lloklted  to 
short  hops  around  the  local  field*    As  the  aircraft  increased  in  size 
and  the  flights  became  longer »  there  was  a  definite  need  for  accurately 
miiasurlng  the  amount  of  fuel  and  oil  in  the  tanks*    Several  different 
companies  manufactured  liquid  quantity  systems  to  meet  this  need*  We 
are  going  to  discuss  one  particular  liquid  quantity  system  In  this 
programmed  text* 
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Frame  2 

The  resistance^ type  liquid  level  system  is  sometimes  refered  to  as  the 
float^type  liquid  level  indicating  system.    The  components  that  are  required 
to  make  up  chls  system  are  an  Indicator  (figure  1),  and  a  tank  unit  trans-* 
mitter  (figure  2).    These  two  units  are  connected  by  aircraft  wiring  and 
operate  from  a  28  volt  DC  generator  system.    The  tank  unit,  shown  by  figure 
2,  senses  a  mechanical  toDvement  of  the  float  aa  the  height  of  the  liquid 
changes.    As  the  tloat  moves  up  or  down,  an  electrical  signal  Is  sent  to  the 
Indicator  which  will  display  the  number  of  gallons  of  liquid  In  the  tank. 


Figure  2 

Circle  the  letter  of  the  correct  response  to  the  following  fltatement(s) . 

1.  As  the  float  moves,  an  electrical  signal  causes  the  Indicator  pointer 
to  Indicate 

a.  full  at  all  times. 

b.  the  gallons  of  liquid  in  the  tank, 

c.  empty  at  all  times. 

d.  the  depth  of  liquid  in  the  tark. 

2.  The  voltage  requirement  for  the  resistance-type  liquid  level 
indicating  system  is 

a.  12  volts  DC. 

b.  24  volts  DC. 

c.  28  volts  DC.  S^'\] 

d.  28  volts  AC. 
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Frame  3 

As  the  level  of  the  liquid  decreases^  the  flost  and  arm  aa3eid>ly 
rnove^  to  a  lower  level*    Figure  3  shows  the  position  of  the  flort  and 
arm  assembly  In  a  tank  one  half  full  of  liquid*    Notice  the  float  arm 
stops*    these  stops  can  be  adjusted  to  limit  the  amount  of  travel  of  the 
float  and  arm  assembly* 


Figure  3 

Circle  the  letter  of  the  correct  response  to  the  folloving  statement(s) * 

1*     the  liquid  level 

a*     is  controlled  by  the  float  arm* 

b.     controls  the  movement  of  the  flo::t  arm* 

c*     controls  the  flow  of  liquid* 


Answers  to  Frame  2;    1*  b»    2*  c* 
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Frame  4 

Connected  to  the  float  and  arm  asseEbly  Is  the  operating  rod«  ss 
shown  In  figures  4  and  3  below.    This  operating  rod  la  attached  to  the 
bellows  and  seal  asaembly  through  the  bellows  arm.    See  figure  5.  The 
bellowa  snd  seal  asaembly  Is  used  In  the  transmitter  to  prevent  the 
liquid  from  entering  the  electrical  section  of  the  transmitter.  With 
this  type  of  mechanical  linkage »  whenever  the  float  arm  is  moved  by  the 
level  of  liquid  changing  the  bellows  will  e^cpand  or  contract  depending 
on  the  direction  of  the  float  arm  movement. 


Figure  4 


BELLOWS 
SEAL 


BELLOWS 
ARM 


Figure  5 

Circle  the  letter  of  the  correct  response  to  the  following  statement(s) . 
1.     The  movement  of  the  bellows  arm 

a.  la  controlled  by  the  bellows. 

b.  movea  the  bellows. 

c.  movea  the  float  arm. 


Answer  to  Frame  3:    1.  b 
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Us 


Fraioa  5 


«       As  the  bellows  expands  or  contracts  the  bellows  lever  (located  in 
the  eltictrical  section  of  the  transmitter)  Is  moved  back  and  £orth«  This 
bellows  lever  Is  attached  to  the  wiper  arm  of  the  transmitter  potentiometer 
througji  mechanical  linkage*    See  figure  6  below*    This  mechanical  linkage 
(OFFSEt  LINK  and  LINK  to  the  WI?£R  ARH)  converts  the  back  and  forth  laave- 
ment  of  the  bellows  lever  to  a  circular  movement  of  the  wiper  arm* 


Circle  the  letter  of  the  correct  response  to  the  following  statement(s) * 

1*     The  movement  of  the  bellows  lever  controls  the  movement  of  the 

a*  bellows* 
b*     wiper  arm* 
c*     bellows  arm* 


Answer  to  Frame  kx    1*  b 


OFFSET  LINK 


Figure  6 


Frame  6 


When  the  wiper  arm  of  the  transmitter  potentiometer  is  rotated  along 
the  resistance  strip,  the  resistance  value  changes^    This  change  in 
resistance  allows  a  greater  or  a  lesser  voltage  (depending  on  the  direction) 
to  be  applied  to  the  indicator  coils « 


Circle  the  letter  of  the  correct  response  to  the  following  3tatement(s) * 

1«     The  voltage  applied  to  the  coils  of  the  indicator  is  controlled  by  the 

a«  float « 

b«  float  atm« 

c«  bellows  atm« 

d*  wiper  arm  moving  across  the  resistance  strip* 


STRIP 


WIPER 
ARM 


Figure  7 


ss; 


Answer  to  Frame  5i    1.  b 
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Frame  7 

Hatch  the  names  of  the  Iteins  In  Column  B  to  their  functions  listed 
In  Column  A  by  placing  the  letter  of  the  correct  response  In  the  space 
provided. 


1* 

2. 
3. 

4. 
5. 


Column  A 

Directly  repositions  the  wiper 
am  CD  the  resistance  strip* 

Controls  voltage  to  the  Indicator. 

Forma  a  leak  proof  seal  to  keep 
fuel  out  of  the  electrical 
section. 

Floats  on  top  of  liquid  and 
controls  operating  rod  movement. 


Column  B 

a.  Bellows  and  seal  asseiobly* 

b.  Transmitter. 

c«      Float  and  arm  assenbly. 

d.     Bellows  lever »  offset 
llnk»  and  link  to  wiper 
arm. 


\ .     Potentiometer . 
Sends  electrical  signal  to  the  Indicator. 


Answer  to  Frame  6t    1.  d 
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Frame  8 

The  Indicators  used  In  a  float  type  syatem  may  be  a  single  Indicator 
as  ahown  In  figure  8»  or  a  dual  Indicator  similar  to  the  one  shown  In 
figure  9»    The  pointers  of  either  type  may  travel  65*,  90*»  or  120*» 
depending  on  the  dealgn  of  the  Indicator. 


Figure  9 


NO  RESPONSE  REQUI5ED 
Answers  to  Frame  7:    1.  d»    2.  e»    3»  a»    4.  c»    5»  b 


Frame  9 

The  indicator  1b  prii&arlly  a  ratlometer  type  meter  movement  with 
the  dial  calibrated  to  read  In  gallons.    It  contains  the  electrotnechanical 
mrjchanlsm  uhlch  1b  connected  to  the  electrical  receptacle.    See  figure  9. 

Uae  figure  9  and  circle  the  letter  of  the  correct  respomie  to  the 
following  acatementCs) . 

1.  The  dial  of  the  Indicator  Is  calibrated  from 

a.  0  to  15.1  gallons. 

b.  0  to  151  gallons. 

c.  0  to  1,510  gallons. 

d.  0  to  15,100  gallons. 

2.  The  dial  of  the  Indicator  is  calibrated  to  indicate 

a.  pints. 

b.  quarts. 

c.  gallons. 

d.  Inches. 
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Frame  10 


The  ratiometer  movement  of  the  Indicator  has  a  permanent  magnet  as 
a  rotor.    This  movement  also  Includes  two  atatlonary  colls ,  called 
deflection  coila,  mounted  120^  apart*    These  colls»  1  and  2»  are  used  to 
deflect  the  permanent  magnet  rotor  when  current  flows  through  them*  See 
figure  10*    Included  In  the  Indicator  Is  a  pull  off  magnst  (X)  that  la 
used  to  pull  the  pointer  to  an  off  scale  position  when  po^er  removed 
from  the  circuit* 


Circle  the  letter  of  the  correct  responae  to  the  following  statement(s) * 

1*     Colla  1  and  2  are  used  to 

a*     control  the  current  flow  In  the  circuit* 

b*     control  the  strength  of  coll  3* 

c*     deflect  the  rotor  when  current  flows  (;hrough  thefnr* 

2*     The  pull  off  magnet  Is  used  to 

a*     steady  the  pointer  at  empty* 
b*     steady  the  pointer  at  full* 

c.     pull  the  pointer  to  off  scale  with  power  removed* 


Answers  to  Frame  9:    1.  b»    2*  c* 


Flgura  10 
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Frame  11 

The  third  coll  1'.  known  as  the  scale  length  coll  3.    You  can  see 
this  coll  In  figure  10.  *  It  detemdnea  the  range  o£  the  pointer  iaoveiD«at. 
Resistor  Rl  liEolta  the  amount  o£  current  flow  In  coll  3.    8y  limiting  the 
current  flow  In  coll  3»  this  resistor  la  actually  controlling  the  magnetic 
field  strength  of  coll  3*    Thus*  realstor  Rl  would  be  of  one  value  for  a 
65*  range  Indicator  and  another  value  for  a  90^  range  Indicator*    For  a 
120^  range  Indicator*  coll  3  is  vound  to  change  the  magnetic  polarity  of 
the  coll*    Reslator  R2»  shown  In  figure  10^  ia  used  to  protect  the 
circuitry  from  damage  due  to  the  deflection  colla  shorting. 

Circle  the  letter  of  the  correct  response  to  the  following  statanent(s) 

1*     The  range  of  the  pointer  movement  Is  controlled  by 

a*  Rl  and  coll  1* 

b*  R2  and  coll  2* 

c.  Rl  and  coll  3* 

d*  R2  and  coll  3* 

2*     The  Rl  reslator  is  used  to  control  the  amount  of  current  flow 
through  the 

a*  K2  resistor* 

b*  def  lectin  coll  1* 

c*  deflection  coll  2* 

d*  scale  length  coll  3* 


Answers  to  Frame  10;    1*  c»    2*  c* 
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Frame  12 

The  pexrmanent  magnet  rotor  is  inounted  Inside  a  copper  damping  assembly, 
this  asseisbly  dampens  rotor  movement  and  prevents  excessive  pointer 
oscillation.    The  pointer  la  attached  directly  to  the  rotor.    See  figure  11, 


DIAL 


Figure  11 

Circle  the  letter  of  the  correct  response  to  the  following  atatementCs). 
The  copper  damping  asseobly 

a.  aids  coil  1. 

b.  aids  coll  2. 

c.  aids  the  magnetic  strength  of  the  rotor. 

d.  reduces  rotor  movement  to  prevent  pointer  oscillation. 


Answers  to  Frame  11:    1.  Ci    2.  d. 

•J  */ 
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Frame  13 


Hatch  Che  noines  of  the  items  in  Column  B  Co  their  functions  in 
Coluim  A  by  placing  the  letter  of  the  correct  response  in  the  space 
provided. 


Coluim  A 

Column  B 

1. 

Used  to  determine  the  range  of 

a. 

Copper  damping  assembly. 

the  movemrat. 

b. 

Indicator. 

2. 

Moves  the  Indicator  pointer. 

c. 

Deflection  colls. 

3. 

Indicates  amount  of  liquid 

*  In  gallons. 

d. 

Rotor. 

4. 

Used  to  produce  an  electro* 

e. 

Scale  length  coll  and 

magnetic  field  In  the  Indicator. 

Bl  resistor. 

5-  Prevent  excessive  pointer 

oscillation. 


Angver  to  Frame  12:    1.  d 
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Frame  14 

The  resistance  strip  of  the  transmitter  will  form  one  leg  of  a  bridge 
circuit  and  the  two  deflection  coils  font  the  other  leg*    The  wiper  arm  is 
electrically  connected  to  the  deflection  colls*    This  wiper  arm  serves  as 
the  bridge  and  connects  the  two  legs*    See  figure  12*    In  the  following 
frames  we  will  discuss  three  different  levels  of  liquid  and  how  the  system 
operates  for  each  level* 


RESISTANCE  STRlf 


figure  12 
HO  KESPOMSE  REQUIRED 


Answers  to  Frame  13:    1*        2*  d»    3*  b^,    4*        5*  a 
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?raae  IS 

The  flrdt  of  the  three  levels  of  liquid  ve  will  discuss  Is  vhea 
the  tanU  Is  empty*    See  figure  13  below*    With  the  wiper  arm  in  this 
position^  current  mtHI  flow  through  coll  2  along  the  wiper  arm  to  point 
&  and  then  to  the  positive  terminal  of  the  battery*    This  Is  caused  by 
current  talcing  the  path  of  least  resistance*    Since  current  Is  flowing 
through  coll  2«  a  magnetic  flelc  Is  set  up  In  coll  2»  and  the  south 
pole  of  the  coU  sttracta  the  north  pole  of  the  permanent  magnet  attached 
to  the  pointer*    This  attraction  of  the  poles  rotates  tho  pointer  to  the 
'Ve"  position  as  shown* 


Figure  13 

Circle  the  letter  of  the  correct  response  to  the  following  statementCs) * 
Use  figure  13* 

1*     The  coll  that  does  not  have  current  flow  through  It  Is  coll 

a*  1* 
b*  2* 
c*  3* 


Frame  16 


The  second  level  of  liquid  to  be  discussed  is  shown  In  figure  14. 
Notice  the  position  of  the  float  and  the  wiper  arm*    Current  flow  at  this 
time  will  be  from  ground  through  the  resistance  strip  to  the  battery  and 
also  from  ground  through  coil  1  and  coll  2.    Since  the  wiper  arm  is  halfway 
between  the  ends*  the  voltage  drop  on  each  side  of  the  wiper  arm  is  12 
volts.    The  same  is  true  with  coll  1  and  coll  2*  each  having  12  volts. 
Since  coil  1  and  coil  2  are  equal*  their  magnetic  attraction  of  the  north 
pole  of  the  rotor  is  equal  and  the  pointer  will  be  centered. 


Circle  the  letter  of  the  correct  response  to  the  following  statement (s) . 

1.     When  the  wiper  arm  is  centered  the  current  is 

a*  greater  in  coil  1  than  coil  2* 
b*  greater  in  coil  2  than  coil  1. 
c.     equal  In  coll  1  and  coll  2. 


Figure  14 


Answer  to  Frame  IS:    1.  a 
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Frame  17 

The  last  level  of  liquid  to  be  discussed  is  shown  In  figure  IS* 
Itotice  the  position  of  the  float  and  wiper  srm*    Current  flow  is  from 
ground  through  the  wiper  arm  and  coll  1  to  the  battery*    Coll  2  has  no 
current  through  it  due  tu  current  taking  the  path  of  least  resistance* 
With  current  flowing  through  coil  1  magnetic  poles  are  set  up  and  the 
south  pole  of  coil  1  attracts  the  north  pole  of  the  rotor  and  rotates 
the  pointer  to  the  position  shown* 


28V0C 

fOSlTlVE  INfUT 


llgure  15 
W  RESFOHSE  REQUIRED 


Answer  to  Frame  16:    1*  c 
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Frame  16 

The  R  plud  and  the  R  minus  adjustioentst  shown  in  figure  16*  are  uded 
for  making  minor  adjuatments  on  the  indicator  reading*    These  adjustment 
screws  are  used  for  calibrating  the  amount  of  resistance  in  the  resistance 
dtrlp«    The  R  minus  adjustment  is  used  for  the  full  side  of  the  transmitter 
and  the  R  plua  adjuatment  is  used  for  the  snipty  side  of  the  transmitter* 
If  the  indicator  is  reading  slightly  hlg^  or  low  at  the  full  poaitioni  the 
R  minus  adjustment  screw  can  be  turned  to  correct  the  indication*    If  the 
indicator  cannot  be  brought  into  adjustment*  there  ia  another  adjustment 
to  be  made*    This  is  called  the  centering  adjustment  "C/*    This  is  done  by 
adjusting  the  wiper  arm  along  the  resistance  atrip  ao  that  the  indicator 
pointer  will  be  the  same  distance  from  both  enda  of  the  scale  when  the 
tank  ia  1/Z  full* 


Figure  18^^}  J 
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Frame  18  (Cont'd) 

Circle  the  letter  of  the  correct  response  to  the  follcwlng  statement (s). 

1.  The  R  plus  and  R  minus  screws  are  used  for  calibrating  transmitter 

a.  resistance. 

b.  position  error. 

c.  friction  error. 

d.  voltage  output. 

2.  The  centering  adjustment  is  performed  by  adjusting  the 

a.  R  screw. 

b.  R*  screw.  • 

c.  float  arm. 

d.  wiper  arm. 
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no 

Now  that  you  have  completed  frame  IS*  go  back  to  the  beginning  of 
this  PT  and  reread  all  of  the  objectives  again.    When  you  feel  you  under- 
stand the  material^  ask  the  instructor  for  the  appraisal  on  the  Resistance" 
Type  Liquid  Quantity  Indicating  System, 

After  you  have  satisfactorily  completed  the  appraisal,  you  will 
proceed  to  the  laboratory  to  apply  your  knowledge  to  an  actual  system. 


Answers  to  Frame  IS:    1«  a,    2«  d« 
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ATC  rORM  214  iJAH  7«» 
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STAHOAAD  COVCtSHEET 


Instrument /night  Control  Branch  3ABR32531-WB-207 
Chonute  AFB,  IlUnois 

INSPECTION,  OPERATIONAL  CHECK,  TROUBLESHOOTING  AND  B3ENCH  CHECK 
THE  RESISTANCE-TYPE  LIQUID  QUANTITY  SYSTEM  AND  COMPONENTS 

OBJECTIVES 

Given  a  workbook  and  trainer,  perform  an  Inspection  and  operational 
check  of  the  resistance- type  liquid  quantity  system  with  s  mlnlmuiii  of 
100%  correct  workbook  responses • 

Given  a  workbook,  test  equipment  and  trainer,  troubleshoot  the 
resistance- type  liquid  level  Indicating  system  with  a  minimum  of  100% 
correct  workbook  responses. 

Given  a  workbook,  test  equipment  and  trainer,  bench  check 
components  of  the  resistance- type  liquid  level  Indicating  system 
with  a  mlnltnum  of  100%  correct  workbook  responses. 

EQUIPMENT 

Basis  of  Issue 

3ABR32531-WB-207  l/student 

Trainer  18-71-4144  l/student 

Wheatstone  Bridge  l/student 

Wheatstone  Bridge  Leads  2/student 

Multimeter  l/student 

TO  33A1-12-15-1  EXTRACT  l/student 

PROCEDURE 

Remove  ALL  JEWELRY  before  working  with  electrical  equipment. 
DO  NOT  damage  trainer  or  test  equipment.    Place  a  checkmark  (0  or 
response  In  appropriate  blank  or  blanks. 

Note:    Obtain  ALL  necessary  equipment  before  starting  lab* 

Part  1.  INSPECTION 

1.      Visually  Inspect  the  Indicator  for:         SAT  tJNSAT 

a.  Cracked  or  loose  glass.     

b.  Condition  of  dial.     


c.  Condition  of  pointers. 

d.  Damaged  case. 

e.  Security  of  mounting. 


Supersedes  3ABR32531-WB-212,  22  January  1975,  which  may  be  used  until 
existing  stocks  are  e^chausted. 
OPR;    3360  TTG 
DISTBJBUTION;  X 

3360  TTGTC/W  -  200;    TTVSR  -  1 


2 

9: '3 


SAT  UNSAT 

f*     Condition  of  electrical  connector*     

2,  Inspect  the  tank  unit  for: 

a.  Damaged  case*     

b.  Security  of  mountlngt  "  ____ 

c.  Damaged  mounting  flange.     

d.  Condition  of  electrical  connector. 

e.  Condition  of  float  and  arm 

asasoblyt  ____ 

3.  Inspect  the  wiring  fori 

a.  Frayed  Insulation.     

b.  Broken  connector  plugs*     

c.  Broken  wires.     

Part  2,    OPERATIONAL  CHECK 
I*     Plug  trainer  Into  28V  DC  power  source. 

2.  Push  circuit  breaker  IN. 

3.  Place  trainer  switch  to  ON  position* 

Noce;    Make  sure  all  trouble  switches  are  to  che  OUT  position* 

4.  With  float  arm  In  (down)  EHPTY  position*  the  Indicator 
reads  empty  «  full   . 

5.  M(r;e  float  arm  to  (up)  FULL  position.    Indicator  reads 
empty  .  full  , 

$.     Move  float  arm  to  (down)  EMPTY  position.    Indicator  reads 
^"^P^^y         ,«  full  . 

Part  3.  TROUBLESHOOTING 
1.      Place  trouble  switch  0\  to  the  IN  position. 

a.  Indicator  reads  OFF  scale  empty   ,  OFF  scale 

full  ,  low  ,  high  . 

b.  Move  float  arm  through  its  full  range  of  travel. 
Indicator  moves   ,  does  not  move   • 


2,  Place  trouble  svltch  #1  to  the  OUT  position  and  place  trouble 
switch  H  to  the  IN  position, 

a*     Indicator  reads  OFl'  scale  empty   >  OFF  scale 

f^ll         ,*  low  ,  high   • 

b.     Move  float  arm  through  its  full  range  of  travel,  * 
Indicator  moves  ,  does  not  move   * 

3,  Place  trouble  switch  If2  to  the  OUT  position  and  place  trouble 
witch  03  to  the  IN  position, 

a.  Indicator  reads  OFF  scale  empty  >  OFF  scale 

full  ,  low  ,  high  , 

b.  Hove  float  arm  through  its  full  range  of  travel. 
Indicator  m^ves   ^  does  not  move  ^, 

4,  Place  trouble  switch  03  to  the  OUT  position  and  place  trouble 
switch  M  to  the  IN  position, 

a.  Indicator  reads  OFF  scale  empty  ,  OFF  scale 

f^ll  *  low   *  high  , 

b.  tiove  float  arm  through  its  full  range  of  travel. 
Indicator  mo^es   *  does  not  move   , 

5,  Place  trouble  switch      to  the  OUT  position, 

6,  Place  trainer  power  switch  to  OFF  position. 

7,  Pull  circuit  breaker, 

8,  disconnect  trainer  from  28V  DC  power  source. 

9,  Remove  electrical  connector  plugs  from  indicator  and  transmitter. 

10,     Using  the  nultimeter^  troubleshoot  the  system  and  record  the 
kind  of  trouble  and  location  of  trouble  on  the  following  chart, 

a.     Place  function  switch  to  OHMS. 


b.     Place  range  switch  to  ^  X  1. 


Indication 

Trouble 

(Kind  of  Trouble) 

Location  of  Trouble 

Switch 

Open»  Shorty  etc. 

(Wire  HumberCs)) 

1 

2 

3 

4 

4 


11*     Make  sure  all  trouble  switches  are  to  the  OUT  position* 

12*  Reconnect  the  electrical  connector  plugs  to  the  Indicator 
and  transmitter  * 

Hote:    Make  sure  keyvays  are  aligned* 

Part  4*    imca  CHECK 

1*     Plug  trainer  into  28V  DC  outlet* 

2*     Push  circuit  breaker  IN* 

3*     Place  trainer  switch  to  ON  position* 

Note:    Make  sure  all  trouble  switches  are  to  the  OUT  position* 

4*     Hove  float  arm  through  Its  £ull  range  of  travel  to  full 
position* 


a*     Indicator  reads  eiapty 


.  full 


S*     Hove  float  arm  through  Its  full  range  of  travel  to  empty 
position* 


,  full 


,  unsatisfactory 


a*     Indicator  reads  empty  ^ 
6*     Indicator  Is  satisfactory  ^ 
7*     Turn  trainer  switch  to  OFF* 
8*     Pull  circuit  breaker* 

9*     Disconnect  trainer  from  28V  DC  power  source* 

10*     Disconnect  electrical  connector  plug  at  transmitter* 

11*     Using  a  Wheatstone  bridge,  check  the  resistance  of  the 
resistance  strip  in  the  DC  liquid  level  transir^.tter * 

12*  Connect  the  Wheatstone  bridge  leads  to  pins  A  and  B  of  the 
transmitter,  and  XI  and  X2  post  on  the  Wheatstone  bridge* 

13*     Position  Gk  knob  to  the  RVM  position* 

14*      Position  BA  knob  to  the  IHT  position* 

15*      Position  the  RES-VAR-MUR  knob  to  the  RES  position* 

16.     The  resistance  of  the  resistance  strip  of  the  transmitter 
ahould  be  201  ohms  plus  or  minus  4  ohms* 

17*     Position  the  '*MULTIPLY  BY"  switch  to  1/10  position  UW 
chart  located  in  TO  EXTRACT  33A1"  12*15-1* 


m 

18.  Push  the  galvanometer  pointer  lock  (clamp)  button  toward  DIAL 
to  unlock  galvanometer  pointer. 

19.  Turn  the  ZERO  ADJUST  knob  locat«)d  ABOVE  the  lock  button  until 
the  galvanometer  pointer  Is  at  ZERO. 

20.  Position  the  thousands »  hundreds »  tens  and  units  decade  dials 
to  the  settings  that  total  the  estimated  resistance  from  step  16. 

21.  Pollotf  the  instructions  in  paragraph  14  sub-para  ''b"  (1)  and 
(2)  of  TO  EXTRACT  SSAl-^lZ-lS-l*  to  measure  the  resistance  of  the 
resistance  strip  of  the  DC  transmitter. 

22*     The  resistance  is   ohms. 


a.     Satisfactory   >  Unsatisfactory  , 

23.  Lock  the  galvanometer  pointer. 

24.  Using  the  ittiltim&ter»  check  the  wiper  arm  of  DC  transmitter. 
Multimeter  should  be  on  Ohms  X  1  scale. 

a.  Connect  wheatstone  bridge  leads  to  pin  A  and  pin  C  of 
the  DC  transmitter. 

b.  Clip  ohmmeter  leads  to  alligator  clips  on  wheatstone 
bridge  leads. 

25.  Move  the  transmitter  float  UP  and  DOWN.  The  resistance  should 
vary  smoothly. 

a.     Wiper  arm  is  satisfactory  ,  unsatisfactory 

26.  Connect  the  electrical  connector  plug  to  transmitter. 

27.  Disconnect  leads  from  multimeter  and  wheatstone  bridge  and 
store  wheatstone  bridge  and  multimeter. 

28.  Student  *s  Last  Ifame  * 


29.     Give  wheatstone  bridge  leads  and  workbook  to  instructor. 
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tlw  4W-vott  intmal  b«ttwr. 
ttMpotatir  to  iMMfc     Malt  dlvt- 

ft.  SMt  md  Cmm*  Wlni  in  eabW  in 
tm^mmif  ifiMUd  p«iM  iK  At.  6).  An 
«Mri«l  ptik  bitim  two  wtm  ol  tiM  fMM 
pttr  il  mmmtir  otBM  «  ihort  As  «lte- 
trMil  pttfc  bttvM  two  irint  of  «4J«eMt  Pita 
Il  MMBoalr  etlM  a  erao  (C,  flg.  S>.  Twt 
for  «  short  or  «  ero«  «  foOowo;  . 

(1)  Proptro  fho  t«ifc  oH  Ua)-(4> 
•bom). 

(2)  Dtoccwiiort  oM  ogolpmeiit  from  tho  far 
•nd  of  tht  eabta. 

(8)  Coaaoet  000  «f  tbo  wirio  to  bo  teoted 
to  tho  ground  blwUnr  poot  and  preao 
Uw  GA  S8N8  1  twjtdi.  Touch  «aeh 
of  Uw  othor  wirw  in  the  cabte  to 
Um  Undlnf  poot  XL  TTie  gatvaa> 
oototor  win  delloet  strongly  when  the 
other  faaify  wire  contaeta  Un«  bind- 
ing pOMt  and  will  chow  no  deflection 
with  wireo  not  ahortod  or  eroased. 
c  OpOA  iJondiwtor. 

(1)  Perform        through  (5)  above. 

(2)  If  the  wlreo  to  be  teotod  are  in  lead- 
covered  cible,  coonect  the  far  end 
of  the  wtrea  in  the  eable  to  the  cible 
sheath.  If  the  cible  i»  not  lead-eov< 
eredt  connect  the  far  end  of  the  wires 
to  a  good  ground. 

(8)  Pnw  GA  SENS  1  switch  and  touch 
each  of  the  wirea  at  the  near  end 
(one  at  a  time)  to  line  binding  post 
XI.  The  galvanometer  will  deflect 
for  all  wires  except  any  that  are  open. 

14t  Moamromont  of  loop  or  UnbMwn 
Koaltlaiico 

Meaoore  the  resistance  of  a  loop  (two  lengtht 
of  wire  Joined  at  the  disUnt  end)  or  of  any 
eleefcrieal  component  {resistors,  transformers, 
etc.)  M  follows: 

a,  iN>eparatiof»  for  Tttt 

(1)  Adiuat  tho  gahranometer  (par.  10a). 

(2)  Poaitiott  the  teat  set  eontiola  <flg.  8) 
aa  fotlowa: 

(«)  GA  switch  to  BVH. 

(8)  RES-VAR-MtTR  twitch  to  REa 


lINo  of  tho  natetasea  to  be  naa^ 
and  and  set  the  MULTIPLY  BY 
dial  m  ladieatad  in  tho  following 
chart: 


■  f  1 

HtfUfVLY  HI  M 

1 

Mm  It  



1000 

X9um  

I 

too 

I 

10 

I 

totfto  i^m  

1 

itsOOttvJoi^oae  

I 

100» 

ioa.«oouKoi^ooo  

ny^  m        tiitofv  %%mwrf  torn  m  m^- 


(8)  Mike  tht  following  connections: 

(a)  If  the  rtaifttince  of  s  loop  is  to 
be  iMMured*  dieconneet  M  equip- 
ment fran  the  near  end  of  the  loop 
and  conneet  one  wire  of  the  loop 
to  line  binding  poet  XI  and  the 
other  wire  to  line  binding  post  X2 
(A*flg.  6).  Be  tare  that  the  wires 
connected  to  the  test  set  are  clean 
and  are  flnnl/  secured  to  the  bind* 
ing  poets*  Have  all  equipment  dia* 
cot) netted  from  the  far  end  of  the 
loop  and  a  short  placed  acnws  the 
circuit  at  that  end. 

(ft)  If  the  resistance  of  an  electrical 
component  is  to  be  measured*  con- 
nect the  component  across  line  bind- 
ing potts  XI  and  X2. 

Baiandng  tk4  Bridge* 

(1)  PoeHion  the  thousands*  hundreds* 
tenSp  aud  units  decade  dials  (<lt*  3) 
to  settings  that  total  the  estimated 

TAOOMU 


RSPRDDUCTIOK  FOR  ATC  TRAIHIjMp^  ^US^E  ONLY.    00  HOT  USE  OK  THE  JOB. 


m 


to  to  BMmnd  4MM  hr 
tht  Mtttflff  Gf  th*  HULTIFLY  BY 


tnci  to  be  iMftiOfwl  U  500  ohiWt  Um 
iftUnf  of  tho  MULTIPLY  BY  dUI 
mmt  bo  1/10  (chairi  in  «  obomh 
thmfon  the  poolUoni  of  the  doetdo 
dttli  muft  total  8,000. 


Gitimatod  miatance 

to  bo  mtoiufwl  600 

Sottiiuof  1 
MULTIPLY  BY  dial  - 

10 


-  5.000 


(2)  Prao  the  GA  SENS  .01  switch  ind 
note  the  direction  of  movement  of  the 
gahratiometer  pointer.  If  it  moves 
to  the  rightt  increiae  the  resiatance 
total  of  the  decade  diali  until  it  does 
not  move  fnmi  sero  when  the  GA 
SENS  .01  switch  is  pressed.  If  the 
pointer  moves  to  the  left,  decrease 
the  retiatance  total  of  the  decade  dials. 
Repeat  the  above  procedure,  using  the 
GA  SENS  .1  and  then  the  GA  SENS 
1  Switches.  The  test  procedure  ia 
complete  r  hen  the  GA  SENS  1  switch 
is  pressed  and  the  pointer  does  not 
move  in  either  direction.  Under  these 
conditions,  the  bridge  circuit  in  the 
teat  set  is  aaid  to  be  balanced. 

R$ii$tMe€  DetermintUiim,  The  unlcnown 

resistance  ia  equal  to  the  sum  of  the  decade 

dial  settings  multiplied  by  the  setting  of  the 
MULTIPLY  BY  dial. 

ExampU:  If  the  bridge  ia  balanced  wlien  the 
sum  of  the  decade  dial  settings  ia  5,137  and 
the  MULTIPLY  BY  dial  fs  set  at  1/10*  the 
resistance  connected  across  the  line  binding 
posts  is  5fl37  X  1/10  or  5137  ohms  (decimal  * 
point  moved  one  place  to  left).  If  the  MUL- 
TIPLY BY  dial  U  set  at  1/100*  move  the 
decimal  point  two  placea  to  the  left  (51.37 
ohms):  for  1/1000*  move  the  decimal  point 
three  places  to  the  left  (5.137  ohnta).  For 
10/lt  add  one  sero  to  the  reading  (61,370 
ohms)  and  for  lOO/L  add  two  awros  (613J00 
ohms). 

TAOOmiA 


15.  Slwuils  Leop  Imt  iir  UcoMng  Shttrt 

A  simple  method  of  locating  a  short  is  to 
detennine  the  itaiatance  of^tha  short,  sub* 
tract  the  resistance  of  the  ahort  from  resist- 
ance maasunmenta  from  each  end  of  the 
aborted  circttitt  and  use  the  rssultlng  resist* 
ance  valw  and  the  known  reaistanoe  per  mile 
or  feet  per  ohm  of  the  type  of  wife  in  tlie 
faulty  dreutt  to  computa  the  rsaistaoce  from 
each  end  to  the  fault  When  a  fault  has  been 
identifled  a  shorty  have  all  equipment  dia- 
conneeted  frm  both  ends  of  the  circuit  and 
proceed  aa  f<rilows: 

a.  D$t€rmiiiaiim  of  Loop  Lmgth  (T^t  1, 
flr  5).  If  the  length  (distance  from  test  point 
to  far  end)  of  the  faulty  loop  is  not  known* 
c<mpute  it  aa  follows: 

(1)  Measure  the  loop  resistance  of  a  good 
pair  in  the  cable  (par.  14). 

(2)  Determine  the  loop  length'  in  miles 
by  dividing  the  resistance  per  loop 
mile  (par  33)  into  the  loop  resist* 
ance.  To  compete  the  loop  length  in 
feet,  multiply  one-half  the  loop  re* 
sistance  by  the  number  of  feet  per 
ohm  of  the  wire^ 

iVswitreaient  /rm  Tat  P^int  to  Short 
(Teat  2*  Kg.  5).  Connect  the  shorted  pair  to 
line  binding  poets  Xl  and  X2  and  balance 
the  bridge.  Record  the  reaiitance  measure* 
ment. 

NoU,  Thii  fsvUtsnet  it  equil  to  Um  rstijUnc*  of 
Um  short  ptss  ttm  rtsiiune*  of  ih%  «horM  circttit  from 
th#  t«st  point  to  the  fsolt 

c.  EquivaUnt  Measurement  from  Far  End 
(Test  3t  flg.  5).  Have  a  good  cable  pair  con- 
nected to  the  shorted  pair  st  the  far  end.  Dis* 
connect  the  shorted  pair  from  the  test  set» 
connect  the  good  pair  to  tine  binding  posts 
Xl  and  X2,  and  meuure'the  resiftance  of 
this  circuit  arrangement  Subtract  the  loop 
resistance  (a(l)  above)  from  the  test  3  re- 
sistance measurement  to  obtain  an  equivalent 
resistance  measurement  from  the  far  end  of 
the  shorted  circuit 

NeU,  This  rsiWaikco  is  «qi4l  to  tht  re«kUa«t  of 
Um  tlwrt  pJui  Um  rcsitUncs  of  tht  sliortsd  circuit  from 
tht  f4r  «nd  to  the  fsult 

d.  ResUiamce  of  Short  Subtract  the  loop 
resistance  (a(l)  above)  from  the  sum  of  the 
resistance  meaaurement  from  each  end  of  the 
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FOREWORD 


This  prograimned  text  was  prepared  for  use  in  Courses  3ABR3253i, 
Avionic  Instrument  Systems  Specialist  and  3ABR32632B,  Integrated  Avionic 
Systems  Specialist.    The  material  contained  herein  has  been  validated 
with  20  students  from  the  3ABR32531  Course  and  30  students  from  the 
3ABR32632B  Course^    At  least  90%  of  tie  students  achieved  the  objective 
as  stated.    Average  time  for  completic:i  of  the  test  was  1  hour  and  23 
minutes . 

OBJECTIVE 

Without  references,  identify  facts  pertaining  to  the  purpose, 
operation,  and/or  characteristics  of  the  capacitance  liquid  quantity 
indicating  system  with  an  accuracy  of  80%. 

INSTRUCTIONS 

This  program  presents  infortnation  in  small  steps  called  "FRAMES*" 
After  reading  the  information  in  each  frame,  you  are  asked  to  actively 
respond  on  the  response  sheet  provided.    Check  the  accuracy  of  your 
response  with  the  correct  answers  that  are  given  after  the  following 
frame.    If  you  make  an  incorrect  response,  study  the  frame  again  before 
going  on  to  the  next  frame.    DO  NOT  HURRY! 

DO  NOT  l^ITE  IN  THIS  BOOK! 


Supersedes  3ABR32531-PT-213>  3ABK32632B-PT-305 >  7  November  1974, 
OPR:  3360TTG 
DISTRIBUTION!  X 

3360  TTGIC-W-200;  TTVSA  -  1 
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Frame  1 


The  aircraft  has  tx^  capacitance  liquid  quantity  indicating 

systems,  fuel  and  oxygen,    Xhey  are  used  to  indicate  how  much  fuel  and 
oxygen  are  in  the  tanks  so  that  the  pilot  can  plan  for  successful 
completion  of  his  mission.    Basically,  both  systems  are  the  same  so  we 
will  study  the  fuel  quantity  indicating  system.    Particulars  of  the 
oxygen  quantity  system  will  be  given  in  the  last  few  frames  of  this 
programmed  text*    The  fuel  quantity  indicating  system  that  was  used  on 
earlier  aircraft  measured  the  fuel  in  gallons.    This  type  of  system 
had  one  major  problem.    As  the  tetaperature  changed,  the  amount  of  fuel 
displayed  on  the  indicator  changed.    This  was  caused'by  the  expansion 
and  contraction  of  the  fuel  at  different  temperatuxes*    When  the 
temperature  increases  the  volume  of  the  fuel  Increases  and  thus  the 
indication  increases.    The  opposite  occurs  when  the  temperature  decreases. 
Therefore^  this  type  of  system  was  very  inaccurate  and  would  not  meet  the 
needs  of  modem  aircraft. 

Circle  the  letter  of  the  correct  response  to  the  following 
statement. 

1,      As  the  temperature  of  the  fuel  decreases,  the  volume  of  the 
fuel 

a,  increases, 

b,  decreases. 

c,  stays  the  same* 


Frame  2 


With  the  development  of  high  performance  aircraft »  such  as  the 
F*lll»  fuel  measurement  became  extremely  important.  Through 
experimentation  it  was  discovered  that  even  though  the  volume  of  fuel 
changes  with  temperature  changes^  the  weight  of  fuel  remains  approximately 
the  same  for  each  different  type  of  fuel.    The  system  developed  to 
accurately  measure  the  fuel  Is  a  capacitance  AC  bridge  circuit  system. 
This  system  measures  the  weight  of  fuel  aboard  an  aircraft  and  thus 
eliminates  the  errors  caused  by  temperature  changes. 

Circle  the  letter  of  the  correct  responses  to  the  following 
statements . 

1-     The  capacitance  type  fuel  indicating  system  was  developed  to  Improve 

a.  stability  of  the  aircraft, 

b.  maintenance  of  the  aircraft. 

c.  maneuverability  of  the  aircraft. 

d.  accuracy  In  measurement  of  fuel  in  the  tanks  of  the  aircraft, 

2*     The  system  developed  to  measure  the  ^ount  of  fuel  Is  a/an 

a*  inducatance  AC  bridge  circuit, 
b.  capacitance  AC  bridge  circuit, 
c*     resistance  AC  bridge  circuit. 


Answer  to  Frame  1;    1*  b 
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Frame  3 


Before  we  cover  che  components  of  che  capacicance  fuel  quantity 
system^  let^s  review  some  basic  facts  about  capacitors.    A  capacitor 
(or  condensor^  as  it  is  often  referred  to)  is  an  electrlval  device  In 
which  an  electrical  charge  can  be  stored.    It  Is  composed  of  two 
conductors  separated  by  an  insulator  (dielectric)  .    The  capacitance 
of  a  capacitor  Is  measured  In  farads  (f)*    However^  the  farad  Is  such 
a  large  unit  that  most  capacitors  used  In  the  capacitance  quantity 
system  are  rated  In  mlcromlcro  farads  (Mtif).    The  capacitance  of  a 
capacitor  depends  upon  three  factors:     (1)  the  surface  area  of  the 
plates^  (2)  the  distance  between  the  plates^  (3)  the  material  or 
dielectric  between  the  plates « 

Circle  the  letter  of  the  correct  responses  to  the  following 
statements . 

If     l^lch  of  the  following  terms  is  used  to  measure  a  capacltor^s 
capacitance? 

a,  Henry 

b.  Ohm 
Ct  Farad 
d,  Hcfle 

1.     The  capacitance  of  a  capacitor  depends  on  the  surface  area  of  the 
plates  * 

a.  dielectric^  and  distance  between  the  plates « 

b.  dielectric^  and  material  the  plates  are  made  of. 

c.  material  of  the  plates^  and  distance  between  the  plates. 


Answers  to  Frame  2:    1«    d    2.  b 
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Frame  5 


To  change  the  amount  of  electrons  that  can  be  stored  by  a 
capacitor  the  dielectric  must  be  changed*    Various  materials  are 
given  a  dielectric  number  (K  factor)  which  compares  to  the  dielectric 
constant  of  a  vacuum  which  has  a  K  factor  of  1»    Table  1  below  lists 
the  dielectric  constants  of  several  materials*    (The  water  listed  in 
Table  1  is  distilled  water^  otherwise  It  would  not  be  a  good 
dlelecnricO    The  higher  the  K  factor,  the  greater  the  capacitance 
of  a  capacitor* 


VACUUM  1*00000 

AIR  1.00059 

115/145  GRADE  AVIATION  GASOLINE  1^971 

FUEL  2*083 

MICA  5^7  to  7*0 

WATER  81*7 


Table  1,    Dielectric  Constants 

Circle  the  letter  of  the  correct  responses  to  the  following 
statements* 

1<     Of  the  dielectrics  listed  below^  the  one  having  the  highest  K 
factor  Is 

a*  air* 

b.  mica* 

c«  vacuum* 
d.  fuel. 
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^Ptame  6  CContM) 

Circle  the  letter  of  the  correct  responses  to  the  following 
statements. 

1.     When  the  dielectric  constant  of  a  capacitor  is  Increased,  the 
capacitance 

a*  increases* 
b  t  decreases . 
c«     stays  the  s&^e. 


Answer  to  jrame  5:  1, 
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Frame  7 


A  simple  capacitance  bridge  circuic  consists  of  a  tank  unic  and 
a  reference  capacitor  connected  in  series  across  a  secondary  winding 
of  a  transformer^    The  caiil.  unit  is  shown  as  a  variable  capacitor  and 
the  reference  capacitor  is  shown  as  a  fixed  capacitor.    See  figure  6 
below,    A  center  tap  from  point  **K'*  on  the  secondary  winding  is 
connected  through  an  amplifier  to  point  "P"  between  the  reference 
capacitor  and  the  tank  unit.    If  the  tank  unit  and  the  reference 
capacitor  are  equal  and  the  center  tap  divides  the  voltage  of  the 
secondary^  then  the  induced  voltage  on  each  leg  Is  equal.    The  current 
developed  In  each  It^g  tries  to  flow  across  the  bridge  but  from  different 
directions.    Since  the  current  is  equal  they  "buck"  (oppose)  each  other 
and  all  the  current  flows  in  the  direction  shown  by  arrows  in  figure  6 
and  no  current  is  felt  across  the  bridge.    At  this  time  the  bridge  Is 
said  to  hi^  balanced* 


CiLcle  the  letter  of  the  correct  responses  to  the  following 
statements. 

1*     The  bridge  circuit  shown  above  is  balanced  because  the  two 
currents  are 

a.  equal  in  value  and  opposite  in  direction. 

b.  equal  in  value  and  in  the  same  direction. 

c.  unequal  in  value  and  opposite  in  direction. 

2*     The  reference  capacitor  in  the  circuit  is  the 

a.     Variable  capacitor  and  is  in  series  with  the  tank  unit, 

fixed  capacitor  and  is  in  series  with  the  tank  unit. 

c,  fixed  capacitor  and  is  in  parallel  with  the  tank  unit. 

d,  variable  capacitor  and  is  in  parallel  with  the  tank  unit. 


Answer  to  Frame  6:    1.    a  Ol 
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Figure  6* 
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Figure  8 


t^rhen  fuel  is  added  to  the  Canks»  cha  capacitance  bridge  becomes 
unbalanced;  the  capacitance  of  the  tank  unit  increases  and  the 
capacitive  reactance  decreases^  allying  a  greater  current  to  flow  in 
the  tank  mit  leg.    This  increased  current  in  the  tank  unit  leg  overcomes 
the  current  in  the  reference  capacitor  leg  of  the  bridge  circuit*  The 
current  is  then  able  to  travel  In  the  direction  of  the  arrows  across 
the  bridge.    See  figure  7  below. 


Circle  the  letter  of  the  correct  responses  to  the  following 
statements. 

1,  By  adding  fuel  to  the  tank  the  capacitive  reactance  of  the  tank 
will 

a.  increases » 

b .  decreases . 

c.  stays  the  same. 

2.  As  the  tank  unit  capacitance  increases^ 

a,  more  current  will  flow  in  that  circuit, 
b*  less  current  will  flow  in  that  circait* 
c*     current  flow  will  stay  the  same  in  that  circuit. 


Answers  to  Frame  7:    1.    a    2.  b 
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Figure  7* 
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Frame  9 


Since  current  flows  across  the  bridge  to  the  amplifier,  an 
amplified  signal  is  being  applied  to  the  indicator  and  a  pointer  is 
being  repositioned,    A  way  is  needed  to  stop  the  pointer  movement  at 
the  correct  position,  so  a  rebalance  potentiometer  is  added  to  the 
circuit  in  series  with  the  reference  capacitor.    See  figure  8  below. 
The  wiper  arm  of  the  potentiometer  is  repositioned  whenever  the 
pointer  is  moved  which  will  readjust  the  voltage  to  the  reference 
capacitor  and  stop  the  pointer  movement  at  the  correct  position* 
This  is  done  by  cancelling  the  current  across  the  bridge.    At  this 
time  the  bridge  has  been  rebalanced. 


Circle  the  letter  of  the  correct  responses  to  the  following 
statements* 

1,      The  rebalance  potentiometer  is  connected  to  the  reference 
capacitor  in 

a*  series* 

b*  parallel, 

c*  series-parallel* 

2*     As  the  rebalance  potentiometer  wiper  arm  moves,  voltage  will 

a*  be  varied  across  the  reference  capacicor* 

b*  be  varied  across  the  tank  unit* 

c*  stay  the  same  across  the  reference  capacitor* 

d*  stay  the  same  across  the  tank  unit*' 


Answers  to  Frame  8J    1*    b    2*  a 


REBALANCING  POTfNTlOMETf A 


Figure  3* 
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Figure  10 


Now  that  the  current  flow  has  been  stopped  through  the  bridge » 
the  system  Is  balanced.    As  the  amocnt  of  fuel  decreases,  (used  by 
the  engine)  the  bridge  circuit  becomes  unbalanced  again.    The  decrease 
In  fuel  causes  the  capacitance  of  the  tank  unit  to  decrease  and  the 
reactance  to  Increase*    Because  of  the  Increase  of  the  reactance, 
the  current  In  the  tank  unit  leg  decreases.    At  this  time  the  currant 
In  the  reference  leg  is  greater  and  flows  across  the  bridge  through 
the  amplifier  from  point  'TP*'  to  point  'TC.*'    Notice  the  direction  of 
the  current  flow  (arrows)  in  figure  9  below,    the  amplified  signal 
operates  the  indicator  and  the  rebalance  potentiometer  is  readjusted 
to  balance  the  bridge* 


Circle  the  letter  of  the  correct  responses  to  the  following 
statements. 

1.     When  fuel  is  taken  from  the  tank,  the  capacltlve  reactance  of 
the  tank  unit 

a.  Increases. 

b.  decreases  4 

c.  stays  the  same. 

2*     As  the  tank  unit  capacitance  decreases^ 

a*  less  current  flows  through  the  tank  unit, 
b.  more  current  flows  through  the  tank  unit, 
c*     less  current  flows  through  the  reference  capacitor. 


CAPAClTOt 


Figure  9* 


Answers  to  Frame  9:    1.    a    2*  a 
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Frame  11 

When  Che  capacitance  fuel  quantity  system  Is  In  operation, 
another  factor  that  affects  the  Indication  is  the  fuel  characteristics 
(dielectrics).    Some  fuel  lots,  or  batches,  will  have  a  higher 
dielectric  constant  than  the  others*    This  is  especially  true  of 
modem  jec  fuels*    In  order  to  minimize  the  effects  of  these  differences 
in  dielectric,  a  special  capacitor  (compensator)  is  used*    The  compensator 
(Item  A  of  Figure  10)  Is  always  located  at  the  lowest  point  of  the  tank. 
Electrically,  the  compensator  is  actually  a  variable  capacitor  only 
smaller  in  size  than  the  regular  tank  unit  (Item  B). 
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Figure  10, 

NO  RESPONSE  REQUIRED 
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Answers  to  Frame  10:    1,    a    2.  a 
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Frame  12 


The  compensator  is  electrically  connected  in  parallel  to  the 
reference  capacitor  o£  the  bridge  circuit*    (See  figure  11  below.) 
The  compensator  works  as  follows*    When  fuel,  from  a  different  lot, 
is  added  to  the  tank  the  K  factor  may  bo  higher  than  the  K  factor 
of  the  previous  lot  of  fuel*    This  causes  a  higher  current  to  flow 
in  the  variable  leg  of  the  bridge  circuit*    The  higher  current  flow 
increases  the  reading  of  the  indicator  even  though  the  fuel  tank 
holds  the  same  amotmt  of  fuel,    With  the  compensator  installed  at 
the  bottom  of  the  tank  the  K  factor  felt  on  the  tank  unit  is  also 
felt  on  the  compensator*    So  therefore,  if  the  K  factor  causes  an 
increase  In  current  flow  in  the  tank  unit,  the  current  flow  will 
also  increase  in  the  compensator*    Since  the  compensator  is  connected 
in  parallel  with  the  reference  capacitor,  the  increased  current  flow 
of  the  compensator  will  be  added  to  the  current  flow  of  the  reference 
capacitor*    This  causes  both  legs  of  the  bridge  to  increase  the  same 
amount  and  therefore  the  K  factor  difference  is  corrected  for  by  the 
two  increased  signals  cancelling  each  other* 


Figure  lU 

* 

Circle  the  letter  of  the  correct  responses  to  the  following 
statements* 

1.     The  compensator  is  connected  to  the  reference  capacitor  in 

a.  series* 

b.  parallel, 

c.  series**parallel* 

2*     The  compensator  unit  is  connected  to  the  reference  capacitor  and 

a*     aids  the  tank  unit  current* 

b,  opposes  the  tank  unit  current* 

c.  raises  the  tank  unit  current* 
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FraToe  13 

Now  that  the  operation  of  a  basic  Capacitance  Bridge  Circuit  has 
been  explained^  let's  cover  each  component  used  to  make-*up  the  four 
sections  (Forward,  Aft,  Select,  and  Total)  of  the  F-111  Capacitance 
Fuel  Quantity  Indicating  System*    The  first  component  to  be  discussed 
Is  the  tank  unit  probe  (variable  capacitor).    See  figure  12  below. 
The  tank  unit  probe  is  a  light  weight  sensing  element  that  consists 
of  two  concentric  tubes,  one  Inside  the  other  and  are  separated  by  an 
insulated  spacer  to  prevent  them  from  shorting  together.    These  tubes 
make  up  the  Inner  and  outer  plates  of  the  variable  capacitor  which 
has, the  capacitance  rated  In  mlcromlcro farads  (pico)*    Openings  at 
each  end  of  the  tubes  are  provided  to  allow  the  fuel  to  enter  the 
tubes  so  that  the  fuel  Is  used  as  the  dielectric. 


7~ 

TANK  TOP 


Figure  12* 

Circle  the  letter  of  the  correct  response  to  the  following 
statements* 

1*     The  capacitance  of  the  tank  unit  probes  are  rated  In 

a «  ohms  * 

b*  farads « 

c*  mlllifarads. 

d«  picofarads* 


Answers  to  Frame  12:    1.    b    2.    b  925 
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Frame  14 

Wich  the  exception  of  the  tank  units  (probes)  in  the  v/ings,  all 
probes  are  dual-sensor  devices*    That  is  there  are  two  identical  but 
electrically  isolated  sensing  elements  mounted  on  a  common  flange 
or  installation  bracket*    tank  units  for  the  wings  are  single^sensor 
units  but  are  installed  in  pairs,  achieving  the  same  purpose  as  the  dual- 
sensor  units.    One  sensing  element  of  the  pjiir  is  connected  in  electrical 
parallel  with  one  element  of  each  pair  within  that  particular  tank  to 
provide  sensing  of  the  individual  tank  fuel  quantity.    The  other  element 
of  the  pair  is  connected  in  electrical  parallel  with  the  other  elements 
of  that  tank  and  also  to  the  other  tanks  to  provide  the  total  fuel 
quantity  indication*  which  makes  the  totalization  completely  independent 
of  the  individual  tank  indivations.    Both  sensing  units  are  identical; 
therefore*  it  is  immaterial  which  one  is  connected  in  either  the 
individual  tank  or  totalizer  circuits. 

Circle  the  letter  of  the  correct  response  to  the  following 

statement, 

* 

1,     Single-sensor  units  are  connected  in  pairs  and  are  used 

a*  to  take  the  average  capacitance, 

b,  to  decrease  the  capacitance  of  the  individual  tank, 

c«  to  increase  the  capacitance  of  the  individual  tank, 

d,  one  for  t:he«  individual  tank*  and  one  for  the  totalizer. 


Answer  to  Frame  13:  ;1,  d 
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Frame  15 


More  than  one  set  (pair)  of  probes  is  used  in  a  fuel  tank  system 
and  are  connected  together  in  parallel »  (remember  that  the  total 
capacitance  of  capacitors  in  parallel  is  the  sum  of  the  individual 
capacitances) t  so  that  aircraft  manuevers  (changes  in  attitude)  are 
possible  without  causing  the  capacitance  quantity  indication  to 
change.    See  figure  13  belowt    Notice  the  dotted  line  across  the  fuel 
tank.    If  the  aircraft  were  in  a  climb  as  shown  below »  the  indication 
would  still  be  as  if  the  aircraft  were  flying  level  and  the  level  of 
fuel  were  at  the  line  shown*    Thus,  the  total  capacitance  of  the  tank 
is  used  for  the  indication* 


Figure  13 » 


Circle  the  letter  of  the  correct  responses  to  the  following 
statements, 

1,     The  probes  (pairs)  are  connected  in  parallel  to  prevent  an 
indication  change  of  the  indicator  due  to 

a.  dielectric  change. 

b,  aircraft  manuevers, 

Ct     a  shorted  probe  in  the  tank, 
d.     a  weak  battery  in  the  system. 


Answer  to  Frame  1^!    1*  d 
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Frame  16 

The  number  and  size  of  the  probes  (pairs)  depend  on  the  size  and 
shape  of  the  tank  in  which  they  are  to  be  used*    Thera  are  two  types 
of  mounting  probes  that  are  widely  used.    They  are  the  flange  mounted 
(mounted  vertically  from  the  outside  of  the  tank)  as  shown  in  figure 
14  and  the  internally  mounted  type  (mounted  vertically  inside  the 
tank)  as  shown  in  figure  15  •    Notice  that  in  each  type  two  probes  are 
used,  one  for  the  individual  system  and  the  other  for  the  total  system* 
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NO  RESPONSE  REQUIRED 
Answer  to  Frame  15;    1.  b 
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Frame  17 


The  inner  tubed  (plates)  of  the  tank  units  are  one  of  two  types: 
(1)  the  non-characterized  type  which  is  used  in  tanks  that  are  uniform 
in  design  such  as  a  square  or  rectangular  shaped  tank*  and  (2)  the 
characterized  type  which  is  used  in  tanks  that  are  irregular  in  design* 
The  non-characterised  type  inner  plate  is  made  so  that  the  complete 
plate  capacitance  is  used  in  the  system.    See  figure  16*#    The  char- 
acterised type  inner  plate»  as  shown  in  figure  17^»  is  not  uniform  in 
width  (shaded  area)  along  the  plate  length  because  of  the  irregular 
tank  that  it  is  to  be  used  in.    This  type  of  inner  plate  consists  of 
two  metal  patterns  (shaded  and  white)  which  are  insulated  from  each 
other  and  pressed  together  to  form  the  inner  plate*    The  tube  is  coated 
with  a  phenollic  resin  varnish  to  prevent  shorting.    The  active  area 
(shaded)  is  attached  to  a  signal  lead  and  the  white  area  is  connected 
to  ground  to  remove  the  unwanted  capacitance  from  the  system.  With 
this  set-up t  the  correct  capacitance  is  achieved  so  that  an  evenly 
graduated  indicator  can  be  used  regardless  of  the  shape  of  the  tank. 


TOP  TOP 


BOTTOM  BOTTOM 
NON-CHAfWCTERtZEO  CHARACTERIZED 


Figure  16.  Figure  17. 


*Note:    The  above  figures  are  an  unrolled  view  of  the  inner  plates. 

Circle  the  letter  of  the  correct  response  to  the  following 
statements, 

1.      The  type  of  inner  plate  that  is  used  in  an  irregular  shaped  tank 
is  the 

a*     Characterized  type* 

b,      Non-Characterized  type* 
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Frame  18 


The  signal  lead  that  is  attached  to  the  active  pattern  of  the 
Inner  place  is  a  shielded  (coaxial)  lead  vhlch  Is  referred  to  as  a 
COAX  lead*    The  COAX  lead  Is  made  up  of  4  parts*    See  figure  18 
below*    The  parts  are:    a  low  resistance  center  conductor  to  carry 
the  signal,  a  dielectric  insulation  to  prevent  shorting,  a  shield 
(outer  conductor)  which  Is  grounded  to  protect  the  center  conductor 
from  unwanted  magnetic  Interference  from  other  systems,  and  an  outer 
jacket  Insulation*    The  center  conductor  signal  is  applied  to  an 
amplifier  to  operate  the  indicator* 


SHieUXOUTEft  CONDUCTOR)  DIELECTRIC 


Figure  18, 


Circle  the  letters  of  the  correct  responses  to  the  following 
statements* 

1*     The  COAX  lead  carries  the  signal  from  the 

a.      tank  pnlt  to  the  amplifier. 

Indicator  to  the  amplifier* 
Ct      compensator  to  the  amplifier. 

2.     The  COAX  lead  Is  shielded  to  prevent 

a*     static  interference  in  the  radio* 

b*     a  magnetic  buildup  around  the  conductor. 

c.      Induction  of  electrical  signals  to  the  center  conductor. 


Answer  to  Frame  17:    1*  a 
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Frame  19 


The  outer  tube  (plate)  is  a  seamless  tube  coated  with  a  thick 
Zapan  insulating  finish  which  prevents  short  circuits  and  grounding* 
The  inner  and  outer  plates  are  spaced  and  insulated  from  each  other 
by  plastic  spacers «    At  one  end  of  the  unit  is  a  fixed  insulator  and 
a  mounting  spring  which  provides  vibration  isolation  and  support.  In 
addition^  the  unit  may  have  movable  insulators  and  mounting  springs 
fitted  around  the  outer  electrode  to  permit  clamping  of  the  unit  to 
a  suitable  mounting  bracket*    See  figure  19  below  for  a  view  of  the 
outer  plate.    There  is  an  unshielded  lead  attached  to  the  outer  tube 
(plate)  of  the  tank  unit  and  is  called  a  GEON  lead*    This  GEON  lead 
carries  the  operating  voltage  from  the  bridge  circuit  to  the  tank 
units. 


Circle  the  letter  of  the  correct  responses  to  the  following 
statements  * 

1*     The  purpose  of  the  Zapan  coating  is  to 

a*     conduct  current  through  the  outer  electrode* 

b.  prevent  short  circuits  and  grounding* 

c.  conduct  current  through  the  inner  electrode. 

2.      The  GEON  lead  carries  voltage  from  the 

a.  amplifier  to  the  tank  unit* 

b.  bridge  circuit  to  the  tank  unit» 

c*     empty  potentiometer  to  the  tank  unit» 


Answers  to  Frame  18:    1*    a    2*  c 
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Frame  20 


Another  component i 'the  tank  unit  compensator  is  a  light  weight, 
internally  mounted  sensing  element  that  is  usually  attached  to  the 
Louest  part  of  the  tank  unit  probe  In  the  louest  part  of  the  tank. 
See  figure  20  below.    The  compensator  is  placed  in  this  arrangement  to 
make  sure  it  will  be' covered  with  fuel  at  all  times  so  that  the  K 
factor  changes  will  be  corrected  for*-  The  compensator  unit  itself 
consists  of  3  Concentric  tubes  separated  by  insulated  spacers +  The 
centei'  tube  forms  one  plate  and  the  in"'  "^al  and  external  tubes  are 
tied  together  to  form  the  other  plate*    ^cte  figure  21  below.  The 
compensator  is  then  connected  in  parallel  to  the  reference  capacitor 
of  the^  intermediate  device  to  oppose  current  flow  from  the  tank  units. 


Figure  21, 


Figure  20, 


circle  the  letter  of  the  correct  response  to  the  following  statements. 
l«     The  compensator  is  mounted 

a.  at  the  top  of  the  tank. 

b.  in  the  middle  of  the  tank* 

c*      at  the  lowest  part  of  the  tank. 
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Frame  20  (ContM) 


2t     Current  flow  through  the  compensator 

a*     aids  tank  unit  current  flow* 

bt     opposes  tank  unit  current  flow* 

c.      does  not  affect  tank  unit  current  flow* 


Answers  to  Frame  19:    1*    h    2,  b 
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Frame  21 
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The  Intermediate  Device  (figure  22  below)  is  the  "heart"  of  the 
Capacitance  Quantity  Indicating  System*    This  component  supplies  the 
operating  voltages  to  the  tank  unit  prooes,  converts  the  capacitance 
signals  from  the  tank  units  Into  a  driving  signal  to  operate  the 
Indicators »  contains  all  the  adjustments  of  the  system,  and  supplies 
all  signals  during  the  self-test  of  the  system*    One  Intermediate 
device  Id  needed  for  each  of  the  four  systems  and  all  of  the  inter** 
mediate  devices  are  interchangeable  so  that  only  calibration  Is 
neede'd  after  installation « 


External  View 


Internal  Vi^ 


Figure  22* 

Circle  the  letter  of  the  correct  response  to  the  following 
statements. 

1*     The  unit  that  converts  the  capacitance  signals  Into  driving 
signals  Is  the 

a«  tank  unit  probes* 

b«  reference  capacitor* 

c,  intermediate  device* 

d*  Indicator, 


A^nswers  to  Frame  20;    1.    c    2*  b 
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Frame  22 


The  driving  signals  from  the  four  Intermediate  devices  operate 
two  servomotor  driven  indicators.    Both  Indicators  are  lighted  by 
internal  lighting.    The  first  Indicator  (shorm  in  fi^re  23)  is  the 
Fuselage  Fuel  Indicator  which  displays  the  fuel  quantity  of  the 
forward  and  aft  fuel  tanks  by  the  use  of  two  points.    The  forward 
tank  '*F"  pointer  and  the  aft  tank  '*A**  pointer  are  read  against  a  dla 
from  0  to  20  X  ?000  pounds. 


Figure  23* 


Circle  the  correct  answer  to  the  following  statements 

1.     The  Fuselage  Fuel  Indicator  displays  th^' amount  of  fuel  in  the 
Forward  and  Aft  tanks  in 

a.  gallons  X  100. 

b.  pounds  X  100. 

c.  gallons  X  1000. 

d.  pounds  X  1000. 


Answer  to  Frame  21:    1.  c 
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Frame  23 


The  fuselage  fuel  indicator  is  also  used  to  control  the  center  of 
gravity  of  the  aircraft  or  Fuel  Distribution  of  the  aircraft*  The 
mechanisms  of  the  two  indicators  are  coupled  through  a  differencial  gear 
arrangement  and  a  group  of  cam  operated  switches*    See  figure  24  below* 
When  the  EI^G  FEED  switch  is  rotated  to  AUTO,  this  group  of  switches 
controls  fuel  relays  that  will  either  open  or  close  fuel  valves  allowing 
fuel  to  transfer  from  the  aft  tank  to  the  forward  tank*    This  will 
maintain  the  center  of  gravity  until  the  aft  tank  is  empty* 
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Figure  24* 


Circle  the  letter  of  the  correct  responses  to  the  following 
statements* 


1,      The  differential  gear  and  switching  arrangement  shown  above 
f.'ontrols  fuel  flow  between  the 

a.  forward  and  aft  tanks* 

b.  forward  tank  and  the  engines. 

c.  aft  tank  and  the  engines* 

d.  wing  tanks  and  the  engines » 

Answer  to  Frame  22:    1,  d 
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Frame  24 


A  fuel  distribution  caution  light  is  located  on  the  main  instrument 
panel*    This  light  Is  controlled  by  various  switches  in  the  fuselage 
fuel  indicator.    The  light  is  used  to  warn  the  pilot  that  the  fuel 
distribution  system  has  failed  and  the  center  of  gravity  of  the  airplane 
is  shifting*    The  caution  lamp  lights  when  the  indicated  fuel  differential 
between  the  forward  and  aft  tanks  is  less  than  7600  Ci200)  pc*unds  or  more 
than  10^000  (±200)  pounds*    The  lamp  is  operable  only  when  the  engine 
feed  switch  is  positioned  to  AUTO  and  then  onl/  when  the  forward  tank 
indication  Is  greater  than  appoximately  8^000  pounds  or  when  the  aft 
tank  indication  is  greater  than  225  pounds* 

Circle  the  letter  of  the  correct  responses  to  the  following 
statements* 

1*      The  fuel  distribution  caution  light  is  used  to  warn  the  pilot 
that  the  fuel  distribution  system  has  failed  and  that  the 

a.     right  wing  is  becoming  hea*/y* 
b*      left  wing  is  becoming  heavy* 
c*     center  of  gravity  is  changing* 


937 


Answer  to  Frame  23 J    1.  a 
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Frame  25 


I£  an  a£t  center  of  gravity  condition  occurs,  and  the  normal 
system  falls  to  operate*  a  backup  system  will  energize  the  fuel 
distribution  caution  lamp*  with  the  engine  feed  switch  in  any 
operating  position.    The  backup  distribution  system  consists  of  a 
fuel  distribution  monitor  control  unit,  and  four  thermistor  type 
sensors*    These  sensors  are  installed  on  the  tank  units.    See  figure 
25  below. 
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Figure  25. 


NO  RESPONSE  REQUIRED 


Answer  to  Frame  24: 
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Frame  26 


When  the  normal  distribution  caution  system  .fails  to  operate  at 
a  fuel  differential  of  7600  pounds^  this  backup  system  will  cause  the 
FUEL  OISTRIB  caution  lamp  to  light  when  the  fuel  differential  decreases 
to  approximately  6500  to  6700  pounds^    This  system  will  operate  with 
the  engine  feed  switch  In  any  position*    If  this  condition  exists  when 
the  EHG  FEED  switch  Is  in  the  AUTO  position^  the  part  of  the  automatic 
CG  control  circuit  that  controls  the  aft  tank  booster  pumps  Is 
disabled.    This  protects  against  failure  of  the  automatic  CG  circuit 
that  would  turn  off  the  aft  booster  pumps  and  result  in  an  abnormal 
aft  CG,    The  logic  circuitry  contained  in  the  distribution  monitor 
control  uviit  will  provide  an  output  only  under  conditions  shown  in 
figure  26  below. 


r 


TANK 
UNIT  A7 


BAY  F-l 

S*l '•12000 
POUNDS 


TA,VK 
WIT  A9 


S*2»9000 
POUNDS 


BAY  F-2 


TANK 
UNIT  A22 


FORWARD  TANK 


CHANGE  LEGEND 


tHiS  tUUSTRATL0^4  HAS  mt* 

ixnusmu  changed 


notes; 
I* 


BAY  A-l 


POIOTDS 

5^4*2500 
POUNDS 


BAY  A-2 


AFT  TANK 


FUEL  QUANTITIES  (POUNDS)  GIVEN  IN  DJIAWING^  DENOTES 
THE  INDICATION  OF  FUS  FUEL  INDICATOR  AT 
WHICH  SENSORS  AAE  WETTED 

2,  THE  FUEL  DISTRIBUTION  C'.UTIOW  SYSTEM  PHDVIDES  AN  OUTPUT  TO  THE 
FUEL  DISTRIBUTION  CAUTION  LIGHT  UNDER  THE  FOLLOWING  CONDITIONS  ONLY 

Si  DRY  AND  S3  WET  (FWD    X2>D0O,  AFT    5,«00)  LICrHT  "ON^'^' 

OR 

Si  AND  S2  DRY  AND  S4  WET  FWD    9,000,  AFT    2>5O0)  LIGHT  "ON" 

3.  NO  OTHER  COMBINATION  DF  WET  AND  DRY  SENSORS  SHALL  RESULT  I,V  AN  OUTPUT 
TO  THE  CAUTION  LIGHT, 


Figure  26 ♦ 


The  quantity  levels  specified  are  indicated  values  and  will  vary 
with  airplane  attitude. 

Refer  to  figure  26  above  and  circle  the  letter  of  the  correct 
responses  to  the  following  stateinents* 
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Frame  26  (ContM) 

The  fuel  distribution  caution  system  provides  an  output  to  the 
fuel  distribution  caution  light  with 

a*      SI  wet  and  S3  dry  (fwd  12,000,  aft  5>800)  light  on* 

b*      SI  dry  and  S3  wet  (fwd  9>000,  aft  2>500)  light  on* 

c*      SI  dry  and  S3  wet  (fwd  I2>000>  aft  5>800)  Xight  on* 

d*      SI  and  S2  dry  and  S4  wet  (fwd  12>000,  aft  5^800)  light  on. 


9401 


no 

Frame  27 


A  time  delay  circuit  in  the  control  unit  prevents  erratic 
operation  of  the  FUEL  DISTRIB  caution  lamp  that  may  be  caused  by 
£uel  slosh  and/or  aircraft  maneuvers,    A  fuel  differential  between 
the  forward  and  aft  tank  less  than  6500  -  6700  pounds  must  exist  for 
12.5  (±245)  seconds  before  the  FUEL  DISTRIB  caution  lamp  will  light. 
If  the  cac -ion  :,amp  lights^  it  will  remain  lit  for  12,5  (±2,5)  seconds 
after  the  abnormal  aft  CG  condition  ceases  to  exist* 

Circle  the  letter  of  the  correct  responses  to  the  following 
statements  4 

1,     The  thing  that  prevents  irregular  operation  of  the  FUEL  DISTRIB 
caution  lamp  is  a 

a*      fuel  differential  between  the  forward  and  aft  tianks, 

bi      a  time  delay  circuit  in  the  control  uniti 

c,     restriction  of  fuel  slosh  between  the  forward  and  aft  tanksi 


911 


knsvic:  to  Frame  26)    1,  c 
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Frame  28 


The  second  indicacor  (figure  27)  is  the  Select/Tocai  Indicator 
which  displays  the  fuel  quantity  of  the  select  tanks  and  the  total 
fuel  in  all  of  the  tanks.    The  Select  indication  is  a  pointier  read 
against  %  dial  from  0  -  5  X  1000  pounds  and  the  total  indication  is 
a  drum-type  digital  readout  of  the  total  amount  of  fuel  aboard  the 
aircraft.    The  Select  indication  is  controlled  by  a  9  position  rotary 
switch  ClEigure  28)  called  the  Fuel  Gage  Select  Switch.    By  placing  the 
switch  to  the  different  positions^  a  different  tank^s  amount  of  fuel 
will  be  displayed  by  the  Select  pointer. 


Circle  the  letter  of  the  correct  response  to  the  following 
statements. 

1.  The  drum-type  digital  readout  is  used  to  display  which  of  the 
following  indications? 

a.  Forward  tank 

b.  Aft  tank 

c.  Select  tank 

d.  Total 

2.  The  unit  used  to  check  the  amount  of  fuel  on  the  select  portion 
of  the  fuel  quantity  indicator  is  the 

a,  intermediate  devices, 

b,  tank  simulator  relay. 

c,  four  totali:>ier  test  switches. 

d,  fuel  gage  select  switch. 


Answer  to  Frame  27;    1*  b 


SELECT  AND  TOTAL 
FUEL  INDICATOR 


FUEL  GAGE  SELECT  SWITCH 


Figure  27. 


Figure  28, 
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Frame  29 


A  tank  simulator  relay  is  used  to  provide  an  empty  capacitance 
for  the  totalizer  circuit  when  the  external  tanks  or  bay  tanks  are 
not  installed*    The  reason  it  is  used  to  keep  the  total  fuel  quantity 
reading  accurate  when  the  above  mentioned  tanks  are  not  installed* 
The  relay  is  permanently  mounted  and  deactivated  whenever  the  bay 
tanks  or  external  tanks  are  installed*    See  figure  29» 


Figure  29. 


Circle  the  letter  of  the  correct  responses  to  the  following 
statements » 

1»      The  unit  used  to  simulate  an  empty  tank  when  the  external  tanks 
or  bay  tanks  are  not  installed  is  the 

a*      intermediate  device* 
b»     tank  simulator  relay* 
c*      tank  compensating  unit* 
d*      four  isolation  switches* 

913 

Answers  to  Frame  28:    1.    d    2*  d 
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Frame  30 


The  total  fuel  quantity  system  also  uses  a  switch  referred  to  as 
the  totalizer  test  snitch*    This  switch  is  used  in  troubleshooting  the 
system*    It  has  four  toggle  switches  labeled  WD^  AfT,  L*  WING  and 
R*  WING*    See  figure  30  below  for  a  schematic  of  the  switches*    Using  a 
TF  20-1  capacitance  tester  connected  to  the  tank  circuit  at  the  total 
intermediate  device,  you  can  actuate  three  switches  and  measure  the 
amount  of  capacitance  remaining  in  the  circuit*    This  is  accomplished 
by  eliminating  the  capacitance  of  the  three  circuits  not  being  tested* 
As  an  example,  w}xen  the  FWD^  AFT^  and  LW  switches  are  actuated,  the 
capacitance  readout  on  the  tester  should  equal  the  capacitance  of  the 
right  wing*    The  test  switches  will  NOT  check  the  drop  tank  circuits. 


TOTALIZER  TEST  Pi 


Figure  30* 


Circle  the  letter  of  the  correct  responses  to  the  following 
statements . 

1*     liJhen  the  totalizer  test  switches,  RW,  LW  and  AFT  are  activated 
the  capacitance  read  out  should  be  the  capacitance  of  the 


a*  RW  tank, 

b  r  LW  tank- 

c*  AFT  tank* 

d.  HJD  tank* 

Answer  to  Frame  29r    1*  b 
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Frame  31 


The  last  component  is  the  Fuel  Gage  Test  Switch.    See  figure  31 
be3ow.    This  switch  when  depressed  causes  all  four  indications  on 
the  indicators  to  drive  to  2>000  pounds.    This  is  done  by  a  relay  in 
each  intermediate  device*    Vfith  the  switch  depressed  the  relay 
energizes  and  removes  the  capacitance  signal  of  the  probes  from  the 
amplifier*    Then  predetermined  signals  are  sent  to  the  indicators 
from  the  intermediate  device  to  drive  the  indication  to  2,000  pounds* 


Figure  31 


NO  RESPONSE  REQUIRED 


Answer  to  Frame  30:  1* 


d 
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Frame  32 


As  you  have  seen»  the  capacitance  quantity  indicating  system  is 
large  and  complicated »  and  requires  very  reliable  test  equipment  to 
ensure  the  system  functions  properly.    The  IF  20-1  Capacitance  Test 
Set  is  the  tester  designed  to  fill  this  role.    Refer  to  figure  32  on 
page  38  for  a  view  of  the  TF  "^-1  capacitance  tester. 

The  TF  20-1  test  set  contains  four  basic  circuits.    Each  circuit 
performs  a  separate  function.    The  four  circuits  are  for: 

1.  Measuring  tank  unit  probe  capacitance, 

2,  Measuring  tank  unit  insulation  resistance* 

3*      Simulating  the  total  capacitance  of  a  probe  for  checking 
the  aircraft  indicator  under  test. 

4*      System  calbration. 

The  test  ':et  includes  simple  circuits  and  the  highest  grade 
components  to  obtain  excellent  stability  and  accuracy «  The 
capacitance  indicator  and  the  megohmmeter  scale  on  the  test  set  are 
hermetically  sealed*    The  reference  capacitors  in  the  capacitance 
measuririg  circuit  are  hermetically  sealed  after  adjustment  at  the 
factory.    All  transformers  are  potted  to  prevent  corrosion* 

Circle  the  letter  of  the  correct  response  for  the  following 
statements. 

1.  The  tester  used  to  check  out  the  capacitance  quantity  indicating 
system  is  the 

a.  TTU  203/CE* 

b.  PSM'6, 

c.  TF  20-1. 
d*  N3A* 

2.  The  reference  capacitors  are  adjusted 

a.      at  the  factory, 
b*      before  each  use* 

c*      during  the  capacitance  measurement. 


6  7 


/3- 


1.  01H)PF  SWITCH 

2.  115V  400  CPS  R£CEFIACI£ 

3.  CAFACmvCB  BAS^t  SELECTOR 

4.  CATACttAhCE  IKDICAIOR 

5.  CAP^m  CHECK  SELECTOR 

6.  HEOOUHJETER 

7.  HECOtiHKETER  RAKCE  Smc?OR 
a.  COMPESSAIOR  OPiWITOR  KJWE 
9.  SELZaOR 

jO.  PROBE  CAFACnOR  K»OB 

11.  PROBE  UUF  H*nn)1tS)S  E»OB 

12.  PROBE  mr  tOODSAHDS  mB 

13.  PROTECrtVE  £APS  (6) 


Figure  32.    TF  20-1  Capacitance  Test  Set. 
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Frame  33 

In  frame  I,  we  .3cated  that  basically  the  liquid  oxygen  (LOX) 
system  operation  is  the  same  as  fuel  quantity*    This  i3  true  as  it 
uses  a  variable  capacitor  probe  (sensor)  mounted  in  an  oxygen  converter 
to  sense  the  amount  of  liquid  oxygen  and  sends  this  signal  to  the 
indicator*    The  indicator  amplifier  the  signal  to  drive  the  pointer* 
System  range  is  0  to  20  liters  and  requires  115  VAC»  iOO  hertz,  1 
phase  power  for  operation*    tVhen  LOX  capacitance  is  down  to 
approximately  2  liters  a  low  level  warning  lite  comes  on*    See  figure 
33  below* 


Figure  33* 


Circle  the  letter  of  the  correct  response  to  the  following 
statements^ 

1,      To  sense  the  amount  of  liquid  oxygen  the  LOX  system  uses  a 

a,      variable  resistance  p-obe* 

oxygen  converter* 
c*      variable  capacitor  probe* 
d,      fixed  capacitor  probe* 

The  range  of  the  LOX  system  is  ^ 

a,  0  to  20  liters* 

h,  0  to  25  liters* 

c,  0  to  30  liters, 

d,  0  to  35  liters* 

'^*      A  low  level  warning  lite  comrs  on  when  the  LOX  capacitance  is 
down  to  approximately 

a*  1  liter* 

b*  2  liters* 

c*  4  liters* 

d,  6  liters* 

Answers  co  Frame  32;    1*    c    2*  a 
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Frame  34 


IJhen  the  press-to*-tesc  switch  on  the  caution  panel  is  depressed* 
the  indicator  drives  to  below  0  (off  scale  empty).    The  low  level  lite 
comes  on  at  approximately  2  liters  and  will  remain  on  until  the  press-^ 
to-test  switch  is  released  and  the  indicator  reaches  approjcimately  4 
liters.    This  is  the  self  test  for  system  operation  and  requires  28  VDC 
power.    See  figure  34. 


Figure  34. 


Circle  the  letter  of  the  correct  responses  to  the  following 
statement^;. 

1.  When  the  press  to  test  switch  is  depressed  the  indicator  drives  to 

a*      0  liters* 

b,  off  scale  full. 

c,  off  scale  empty* 

d,  20  liters. 

2.  ;ften  the  press  to  test  switch  is  released  the  low  level  lite  goes 
out  at  approjcimately 

a.  0  liters. 

b.  2  liters. 

c.  4  liters. 
J.  6  liters. 

3.  Self  test  for  the  LOX  system  requires 
a*  lis  VAC. 

b.  lis  VAC*  400  hertz^  and  1  phase. 

c.  28  VDC. 

d.  28  VAC. 


Answers  to  Frame  33:    1,    c    2.    a    3,    b       Q  ^  *) 

40 


An5  ers  to  rrame  34;l.c2*b3*c 

Return  co  the  front  of  this  PT  and  review  the  objec::ive*  When 
you  feel  chat  you  are  able  to  achieve  the  objective  as  stated^  take 
che  appraisal* 

APPRAISAL 
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Instrument/Flight  Control  Branch  3ABR32531-WB-208 
Chanute  AFB,  Illinois  3ABR32632B-WB-307 

F-111  CAPACITANCE  raDICATIlfG  SYSTEM 

OBJECTIVES 

Given  a  workbook  and  crainer,  perform  an  inspecclon  and  operational 
check  of  the  capacitance-type  liquid  quantity  indicating  system  with 
a  minimum  of  100%  correct  workbook  responses* 

Given  a  workbook,  test  equipment  and  trainer,  troubleshoot  the 
capacitance-type  liquid  quantity  Indicating  system  with  a  mlnlmua  of 
100%  correct  workbook  responses* 

Given  a  workbook,  test  equipment,  and  trainer,  bench  check 
components  and  calibrate  the  capacitance  liquid  quantity  indicating 
system  with  an  accuracy  of  100%  correct  workbook  responses. 

EQUIPMENT 

Basis  of  Issue 

3ABR32531'WB-208y3ABR32632B-WB-307  1/2  students 

Trainer,  F-111  Fuel  Quantity  1/2  students 

Tester,  TF20-1  1/2  students 

Multimeter  1/2  students 

3ABR32531-HO-208/3ABR32632B-H0-307  1/2  students 

PROCEDURE 

This  workbook  is  divided  into  FOUR  PARTS  (1,  2,  3     4)  *  After 
completing  each  part,  check  with  your  instructor  so  he  can  verify 
that  your  answers  a-i^e  correct*    Read  ALL  steps  carefully,  rake  the 
appropriate  response  in  the  blank  spac<*s  provided* 

Caution:    Remove  ALL  JEWELRY  befots  operating  equipment* 

Part  1.    VISUAL  INSPECTION 

Have  your  instructcr  assign  you  a  trainer  and  complete  the 
following ; 

I,      Inspect  the  Fuselage  Fuel  Quantity  Indicator  for 

S  U 

a*      cracked  or  loose  glass,     

condition  of  pointers,     

security  of  mounting,     


Supersedes  3ABR3253i-WB-213,  3ABR32632B-WB-305,  5  January  1976,  which 
may  be  used  until  existing  stocks  are  exhausted. 
OPR:    3360  TTG 
DISTRIBUTIOtf;  X 

3360  TTGTC/W  -  300;    TTVSR  -  1 


2.      Inspect  the  Total/Select  Fuel  Quantity  Indicator  for 

S  U 


a«      cracked  or  loose  glass. 

b.      condition  of  pointer. 

c*      condition  of  drum-type  counter. 

d«      security  of  mounting. 
3*      Inspect  the  Intermediate  Devices  for 

a«      security  of  mounting 
4*      Inspect  the  electrical  wiring  for 

a«      bent  or  damaged  electrical  connector 

plugs. 

b«     scorched  or  broken  insulation. 


c*      frayed  or  broken  wires  and  bonding* 
d*      loose  or  broken  ties  (string). 

Instructor's  Initials 


Part  2*    OPERATIONAL  CHECK 

1.      Perform  an  operational  check  of  the  Fuel  Quantity  Indicating 
System  as  folla^st 

a*     Make  sure  ALL  trouble  switches  located  on  the  right 
side  PANEL  are  in  the  OUT  position*    Connect  trainer  to  115V  AC,  400  Hz 
and  28V  DC  OUTLET  (drop  cords) . 

b.  CLOSE  ALL  four  (4)  DRAIN  valves*    Drain  valves  are  at 
the  bottom  of  trainer* 

c.  OPEN  ALL  four  (4)  FILL  valves,  and  place  the  AC  and  DC 
power  switches  to  the  ON  position. 

d.  Place  the  FUEL  TRANSFER  PUMP  switch  to  the  ON  position, 
and  allow  tanks  to  FILL.    As  each  tank  reaches  1/2  FULL,  CLOSE  its 
FILL  valve* 

e.  When  ALL  four  (4)  fuel  tanks  are  1/2  FULL,  PLACE  the 
FUEL  TRANSFER  switch  to  the  OFF  position*    Adjust  DRAIN  valves  so  ALL 
tanks  read  1/2  FULI^* 

f*      Place  the  two  (2)  forward  and  aft  EMPTY/FULL  switches 
located  between  TANK  PROBES,  to  the  FULL  position*    This  makes  ALL 
INDICATORS  read  FULL  for  the  PARTICULAR  TANK* 

3953 


g.      Turn  the  FUEL  GAGE  SEL  switch  to  LEFT  WIHG  and  the  RIGHT 
WIHG  positions  and  READ  and  RECORD  both  switch  positions  of  the  SELECT 
GAGE  (M2). 

(1)    Read  and  record  LEFT  WIMG  and  RIGHT  WIHG  fuel  from 


the  SELECT  and  TOTALIZER  GAGE  (M2) 


(2)    Read  and  record  JMD  (F)  and  AFT  <A) 
fuel  from  the  FUSEUGE  GAGE  (M-l) . 


L.W. 

rIw. 

FWD  _ 
AFT  _ 
SUM  _ 
TOTAL 


(3)  Total  ALL  the  above  gage  readings. 

<4)  TOTALIZER  (M-2)  Reads. 

(5)  Tolerance  is  ±  1,000  pounds  (dl£ference)DIF 

(6)  Indicate  if  SaC.   or  Tasat.   . 


Mote:    If  Satisfactory,  cqjuclnue  on  to  the  next  STEP  and  if  not, 
check  with  the  Instructor  for  an  explanation. 

h.     Hold  the  PRESS-TO-TESI  switch  <S1)  "IN"  and  observe  and 
RECORD  the  N'ORMAL  SYSTEMS  FimCTXOHS  CHECK. 

(1)    TOTALIZER  drives  to  2,000  lbs  ±  1250 


TOT 


S 


(2)    SELECT  drives  to  2,000  lbs  ±  100 
SEL  S 


(3)    FWD  drives  to  2,000  lbs  r  400 
WD  S 


(4)    AFT  drives  to  2,000  lbs  ±  400 
APT  S 


Instructor's  Initials 
Part  3.  TROUBLESHOOTING 


1.     The  instructor  will  assign  six  or  more  problems  (switch 
numbers)  for  troubleshooting.    Pollow  instructions  below  for  indications 
and  location  of  trouble* 

a.      Using  CHART  1»  the  student  will  place  OITE  trouble  switch 
M  at  a  time  and  observe  the  INDICATORS  for  a  MALPUWCTIOM  and  LOCATIOM 
of  trouble* 

4 


b.  If  a  MALFUNCTION  occurs,  list  it  in  trouble  indication 
column,  then  PRESS-TO-TEST  switch  (SI)  *    If  the  indications  on  the 
INDICATOR(s)  change,  the  trouble  is  on  the  PROBE  SIBE  of  the  INTERMEDIATE 
DEVICE* 

c.  If  MO  MALFUMCTION  occurs.  PRESS-TO-TEST  switch  (SI) 
and  observe  mDICATOR(s)  for  a  change  in  reading(s)  *    If  nothing 
happens  (inoperative),  the  trouble  is  on  the  power  side  of  the  INTER- 
MEDIATE DEVICE  for  the  particular  INDICATOR(s)  . 

d.  After  recording  Indication  for  ONE  trouble,  place  trouble 
switch  to  OUT  and  WAIT  until  indications  cotne  back  to  NORMAL,  then  place 
In  next  trouble  switch. 

e.  Record  trouble  indication,  then  press  (SI)  and  record 
location  of  trouble. 

Eiote:    With  (SI)  pressed,  INDICATOR(s)  fail  to  respond  ™  Power  (PWR) 
side.    With  (SI)  pressed,  INDICATOR(s)  indicate  approximately 
2,000  lbs  —  PROBE  SIDE. 


sw  # 

TROUBLE  INDICA.TIOH 

Trouble 
Location 

Wire  tlunber 

Kind  of 
Trouble 

FBOBE  SIDE 
or 

PWR  SIDE 

SHORT  OR 
OPEN 

CHART  1. 


f,      After  verification  by  the  instructor,  THEN  and  only 
THEN  will  you  turn  BOTH  power  switches  to  OFF, 

(1)  Remove  the  power  cables  from  the  power  OUTLETS  and 
secure  cables  to  the  TMINER, 

(2)  Open  ALL  DRAIN  and  FILL  valves  to  drain  ALL  tanks  • 

(3)  Place  the  forward  and  aft  EMPTY/FULL  switches  to 
the  EMPTY  position^ 

Note:    Before  attempting  any  troubleshooting^  read  paragraphs  2 
through  13g. 

2.  Follow  instructions  BELOW  to  help  you  troubleshoot  the  system. 

a.  Read  trouble  malfunction* 

b.  Refer  to  internal  circuit  of  components,  figures  1,  2» 
and  3  as  an  aid  when  losing  the  wiring  diagram. 

c*     Use  trouble  locations  to  minimise  the  amount  of  time 
needed  to  troubleshoot. 

d.      Use  wiring  diagram  3ABR32531-WB-208/307  and  use  the 
multimeter. 

TROUBLE  MALFUNaiONS 

3.  The  following  malfunctions  are  NORMALLY  caused  by  OPEN  or 
SHORTED  wiring  in  the  circuit. 

a.      Fuel  quantity  Indicator  READS  higher  than  normal. 

(1)  Open  compensator  or  SHORTED  compensator  lead  to 

ground. 

(2)  SHORTED  Inner  conductor  to  the  shielded  wire  or 
to  ground  (Inner  to  outer) . 

4.  Fuel  quantity  reads  LOWER  than  normal  or  against  the  EMPTY 
STOP,  depending  on  amount  o£  fuel. 

A,      OPEN  low  impedance  (Geon)  lead. 

b*      OPEN  high  Impedance  (shielded)  lead. 

5.  Fuel  quantity  reads  against  the  EMPTY  STOP. 

a.      SHORT  to  ground  of  low  Impedance  (Geon)  lead. 

If  NO  indication  in  the  system,  push-to-test  switch  and  NOTE 
malf  unc  tion .  9o  G 
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6-     When  SI  is  pressed  and  IHDICATORCS)  show  HO  response 
(Inoperative)*  this  is  caused  by: 

a*      OPEN  power*  signal  or  ground  lead  to  Indicators* 

1.      Start  troubleshooting  at  IWTEBMEDIATE  DEVICES. 

8.      Refer  to  above  malfunctions  and  use  figures  1^  2»  3*  and 
wiring  diagram. 

'  OHMMETER  TROUBLESHOOTING 

9«     Obtain  a  multimeter*  place  on  rack  of  trainer  that  has 
connectors  unplugged*    Use  wiring  diagram  and  trouble  switches. 

10.     Acft  troubleshooting:    Power  panel  to  intermediate  device* 

Probe  side       Intermediate  device  to 

tank  units. 
Power  side       Intermediate  device  to 
indicators. 

11«      On  F-111  trainer*  start  troublashooting  at  intermediate 
device*    Note:    A  capital  letter  with  a  line  under  it  (A)  is  a  small 
letter « 

12.  Call  instructor;    Instructor  will  explain  acft  troubleshooting* 
location  of  trouble  and  trace  a  wire  from  intermediate  device  to  tank 
unit* 

13.  Follow  instruction  BELOW  for  troubloshootlng. 

a.  Turn  ON  applicable  trouble  switch. 

b.  Refer  to  TROUBLE  MALFUNCTIONS  to  determine  the  probable 

troubles « 

c.  Refer  to  CHART  iffl  for  trouble  indications  and  LOCATION 
of  trouble. 

d.  Locate  the  correct  INTERMEDIATE  DEVICE  on  the  wiring 

diagram « 

e.  Locate  kind  of  trouble  and  list  WIRE  NUMBER(S). 

f  *      ONE  student  tells  where  to  check  and  the  OTHER  student 
usad  ohmmeter  to  find  troubla. 

g.      Change  jobs  (positions) » 

14.  After  completing  the  troubleshooting  exercise*  INSURE  that  ALL 
trouble  switches  are  in  the  OUT  position*    At  this  time  give  the  workbook 
to  thfi  instructor  so  that  he  can  VERIFY  your  troubleshooting*  etc* 

Instructor's  Initials     
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Pare  4-    CALIBR.ITION  AND  BENCH  CHECK 

1*      Perform  calibration  of  the  TF20-1  capacitance  indicator  lAW 
the  following  instructions. 

a.      Before  connecting  TF20-1  tester  to  trainer,  connect 
trainer  co  115V  AC,  400  Hz  and  28V  DC  OUTLET*    Turn  trainer  pwer  ON 
and  observe  the  fuselage  fuel  indicator's  *'F"  (FWD)  pointer  for  a  ZERO 
reading*    If  it  is  NOT  on  2ero>  notify  your  instructor*    Turn  trainer 
power  switches  co  '*OFF*" 

Note:    Place        and  AFT  EMPTY/FULL  switches  to  EMPTY  position* 

b*      To  prevent  erroneous  capacitance  measurements i  trainer 
electrical  power  must  not  be  turned  on  during  the  following  checks. 

Caution:    Use  extreme  caution  when  connecting  tester  harness 
so  as  NOT  to  damage  pins  a.id  connector  plugs  or  wires. 

Note:    The  power  cable  and  test  harness  are  already  connected  to 
the  TF20-1  tester.    UNDER  NO  circumstances  will  you  remove  the 
power  cable  or  test  harness  from  their  connections  on  the  TF20-1 
tester. 

c.  Disconnect  the  large  connector  plug  from  the  right  side 
of  the  forward  intermediate  device  on  the  trainer*    Connect  the  TF20-1 
test  cable  WlPl  tc  the  male  fitting  on  the  forward  intermediate  device. 
Connect  the  TF20-1  test  cable  W1P2  to  thy  female  fitting  on  the  trainer 
harness* 

d.  Connect  the  TF20-1  power  cable  to  the  115V  AC  400  Hz 
power  OUTLET  plug. 

*■ 

Note:    Do  NOT  apyly  power  to  trainer  at  this  time* 

e*     Place  the  TF20-1  power  switch  to  the^CN  position. 

Note:    If  power  st/icch  is  turned  OFF  on  TF20-1  tester^  tes ter 
must  be  recalibrated* 

f .     Position  CAP-RES-CHECK  selector  to  CAP  position. 
(Selector  should  stay  in  CAP  position  throughout  calibration  procedures.) 

S*      Position  FACTION  SELECTOR  to  ZERO  CAL- 

h.      Position  capacitance  indicator  RANGE  SELECIOK  to  XI. 

RESULT:    Pointer  of  capacitance  indicator  should  indicate  zero 
plus  or  minus  *1  PF.    If  capacitance  Indicator  reads  ZEKO» 
proceed  to  substep  j*    If  it  does  NOT  read  ZERO,  proceed  to  sub- 
step  i* 
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i.      Remove  the  CAP  from  che  ZERO  ADJUST  control  for  the 
CAPACITANCE  INDICATOR  and  adjust  the  2ER0  control  until  the  pointer 
on  the  CAPACITAHCE  INDICATOR  indicates  2ER0,  plus  or  minus  .1  PF. 

j .      Place  the  CAPACITANCE  INDICATOR  RANGE  SELECTOR  to  XIO. 

Place  the  CAPACITANCE  INDICATOR  FUNCTION  SELECTOR  to 

HIGH  CAL* 

result:    Pointer  of  CAPACITANCE  INDICATOR  should  indicate  the 
ST^NDAW)  CAPACITOR  PF  stamped  on  the  METAL  PLATE  located  directly 
BELOW  the  FUNCTION  SELECTOR  to  within  plus  or  minus  ♦!  PF. 

Note:    If  the  pointer  of  the  CAPACITANCE  INDICATOR  does  NOT 
indicate  STANDARD  CAPACITOR  PF,  remove  the  protective  CAP 
from  the  HIGH  ADJUST  control  and  adjust  the  control  until 
the  pointer  of  the  CAPACITAHCE  INDICATOR  indicates  STANDARD 
CAPACITANCE  PF* 

1*  Repeat  substeps  g  through  k  until  no  further  adjust- 
ment is  necessary.  Replace  CAPS  on  the  ZERO  ADJUST  and  HIGH  ADJUST 
controls. 

Note;    Recheck  for  ZERO  CAL  and  HIGH  CAL* 

m*      Position  FUNCTION  SELECTOR  to  UNSHIELD  position, 

n.     Record  the  exact  capacitance  indicator  readings  of  the 
forward  tank  below.    Dry  capacitance  reading  shall  be  768*7  to  784*2  PF* 

The  dry  capacitance  reading  is  PF» 

(1)    Forward  tank  capacitance  dry  reading  bench  checked 
satisfactory  unsatisfactory    , 

o*      Position  FUNCTION  SELECTOR  to  COMP. 

p.      Position  CAPACITANCE  INDICATOR  RANGE  SELECTOR  to  XI. 

q.      RECORD  the  exact  capacitance  indicator  reading  of  the 
forward  tank  compensator  below.    Dry  capacitance  reading  shall  be  27^9 
to  33*0.    Dry  capacitance  reading  is       *  PF. 

(1)    Forward  tank  compensator  bench  checked  satisfactory 
t  unsatisfactory  . 

2.      Forward  Tank  Fuel  Quantity  Calibration  (DRY  TANK)* 

Note:    Calibration  procedures  for  the  TF20-1  CAPACITANCE  INDiCAIOR 
niust  be  accr^mplisked  prior  to  each  dry  capacitance  measurement 
unless  othi^rwlse  stated.    Configuration  of  switches  (selectors, 
controls,  etc*)  in  the  following  procedures  are  to  bo  performed 
on  the  TF20-1  test  set» 
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a.      Turn  trainer  power  OH* 


b.  Position  FUNCTION  SELECTOR  to  ZERO  CAL. 

c.  Position  CAPACITANCE  INDICATOR  RANGE  SELECTOR  to  XI. 

RESULT:    Pointer  of  CAPACITANCE  INDICATOR  should  Indicate  ZERO, 
plus  or  minus  .1-PF. 

Note;    If  pointer  of  CAPACITANCE  INDICATOR  does  NOT  indicate  zero, 
plus  or  minus  .x  FF»  proceed  to  substep  d;  if  indication  is  ZERO, 
proceed  to  sttbstep  e. 

dt      Remove  the  CAP  from  the  ZERO  ADJUST  control  for  the 
CAPACITANCE  INDICATOR  and  ADJUST  the  control  until  the  pointer  on  the 
CAPACITANCE  INDICATOR  indicates  ZERO,  plus  or  minus  .1  PF* 

e.  Place  the  CAPACITAMCE  INDICATOR  RANGE  S^XCTOR  to  XIO. 

f.  Place  the  CAPACITANCE  INDICATOR  FTJHCTIOM  SELECTOR  to 

HIGH  CAL. 

RESULT:    Pointer  of  CAPACITANCE  INDICATOR  shall  indicate  the 
STANDARD  CAPACITOR  PF  stamped  on  the  METAL  PLATE  located 
directly  BELOW  the  FUNCTION  SELECTOR  to  within  Plus  or  minus 
.1  PF. 

Note:    If  the  pointer  of  the  CAPACITANCE  ^ND?;CATOR  does  NOT 
indicate  STANDARD  CJAPACITOR  PF,  remove  the  protective  CAP 
from  the  HIGH  ADJUST  control  and  adjust  the  control  until  the 
pointer  of  the  CAPACITANCE  INDICATOR  indicates  Sl'ANDABD  CAPACITOR 
PF  plus  or  minus  .1  PF* 

g.  Repeat  substeps  b  through  f  until  NO  further  adjustment 
is  necessary.    Replace  protective  cap  on  ZERO  and  HIGH  ADJUST  control* 

Note:    Recheck  ZERO  CAL  and  HIGH  CAL* 

h.  Position  FUNCTION  SELECTOR  to  COMP  SET. 

i.  Position  CAPACITANCE  INDICATOR  RANGE  SELECTOR  to  XI. 

j.     Adjust  COMP  25-250  MMF  knob  until  CAPACITANCE  INDICATOR 
INDICATES  54.2  PF;  lock  COMP  25-250  MMF  knob. 

k.      Position  FUNCTION  SELECTOR  to  PROBE  SET* 

1.      Position  CAPACITANCE  INDICATOR  RANGE  SELECTOR  to  XIO. 

m.      Position  PROBE  Iflff  hundreds  selector  to  6o0.    PROBE  MMF 
thousands  selector  should  be  in  OFF  position. 

n.      Adjust  PROBE  25-250  MMF  knob  until  CAPACITANCE  INDICATOR 
indicates  77.4  (on  XlO  scale,  77.4  equal  774.0  PF) . 

0.      Position  FUNCTION  SELECTOR  to  TEST* 
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p*  Adjust  PROBE  25-250  ^£MF  knob,  (clockwise)  if  necessary, 
to  position  the  "F"  pointer  of  FUS  FUEL  Indicator  on  the  fuel  quantity 
trainer  to  precisely  2ER0* 

Position  amCTION  SELECTOR  to  PROBE  SET. 

r*      Take  exact  CAPACITANCE  INDICATOR  indication  for  forward 
tank  DRY  VAI.UE,  multiply  XIO  and  RECORD*    CAPACITAUCE  INDICATOR 
INDICATES    PF* 

Note:  The  values  recorded  ioay  or  may  NOT  be  the  saoe  as  the 
Qeasured  value  recorded  in  substep  n  due  to  the  tolerance  of 
either  the  tester  or  trainer* 

Sa  AbD  forward  tank  DRY  VALUE  recorded  in  step  r  to  881.2, 
divide  by  50  and  RECORD*    For  FULL*  the  capacitance  is   PF* 

t*      Position  CAPACITANCE  INDICATOR  RANGE  SELECTOR  to  X50* 


u*      Position  PROBE  M^^F  thousands  selector  to  1000* 

V*      Position  PROBE  MMP  hundreds  selector  to  600  (if  not 
there  already) . 

w*  Adjust  PROBE  mF  25-250  HMF  knob  for  a  CAPACITANCE  INDI- 
CATOR Indication  of  the  recorded  SET  for  FULL  valne  in  substep  s*  Lock 
PROBE  25-250  MMF  knoh  and  do  NOT  disturb  this  setting. 

X.      Position  CAPACITANCE  INDICATOR  FUNCTION  SELECTOR  to 

TEST* 

y*      Observe  the  '*F**  pointer  of  the  FUS  FUEL  Indicator  on 
fuel  quantity  trainer*    When  movement  of  the  pointer  ceases,  the  **F** 
pointer  of  the  FUS  FUEL  indicator  should  be  on  the  20,000-pound  gradua- 
tion (if  not,  notify  the  instructor)* 

3*      Turn  ALL  power  OFF*    Disconnect  the  TF20-1  test  harness 
WlPl  from  FtifD  intermediate  device  and  harness  W1P2  from  trainer  harness. 
Reconnect  the  trainer  harness  to  the  FWD  intermediate  device* 

3*      Aft  Tank  Unit  Circuit  and  Compensator  Circuit  DRY  Capacitance 
measurement. 

a»     To  prevent  erroneous  capacitance  measurements,  electrical 
power  must  nQ_t  be  applied  to  trainer  during  the  following  checks* 

CAUTION:    Use  extreme  caution  when  connecting  tester  harness  so 
as  not  to  damage  pins  and  electrical  connector  plugs  or  wires* 

b*     Disconnect  the  large  connector  plug  from  the  ri^ht  side 
of  the  aft  intermediate  device^    Connect  the  TF20-1  test  cable  WlPl  to 
the  male  fitting  on  the  aft  intermediate  device*    Connect  the  TF20-1 
test  cable  W1P2  to  the  female  fitting  on  the  trainer  harness* 

Note:    DO  NOT  apply  power  to  trainer  at  this  time, 
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c*      Place  the  TF20-1  power  switch  to  the  Oil  position. 

d.  Position  FUNCTION  SELECTOR  switch  to  ZERO  CAL. 

e.  Position  CAPACITAilCE  INDICATOR  RANGE  SELECTOR  to  Xl* 

RESULT;    Pointer  of  CAPACITANCE  INDICATOR  should  indicate  ZEKO, 
plus  or  ininus  .1  PF* 

Note:    If  pointer  of  CAPACITANCE  INDICATOR  does  NOT  indicate  ZERO, 
plus  or  minus  ,1  PF»  proceed  to  substep  £;  if  indication  is  ZERO» 
proceed  to  substep  g. 

f*      Remove  the  CAP  from  the  2ER0  ADJ  control  £0/  the 
CAPACITANCE  INDICATOR  and  adjust  the  control  until  the  pointer  on 
the  CAPACITANCE  INDICATOR  indicates  ZERO,  plus  or  minus  ,1  PF, 

g.  Place  the  CAPACITANCE  INDICATOR  RANGE  SELECTOR  to  XlO* 

h.  Place  FUNCTION  SELECTOR  to  HIGH  CAL* 

RESULT:    Pointer  of  CAPACITANCE  INDICATOR  shall  indicate  the 
STANDABD  CAPACITOR  PF  stamped  on  the  >ETAL  PLATE  located 
directly  BELOW  the  FUNCTION  SELECTOR  to  within  plus  or  minus 
.1  PF, 

Note:    If  Che  pointer  of  the  CAPACITANCE  INDICATOR  does  NOT 
indicate  the  STANDARD  CAPACITOR,  renove  the  protective  CAP 
from  the  HIGH  ADJUST  control  and  adjust  control  until  pointer 
of  CAPACITANCE  INDICATOR  indicates  STANDARD  CAPACITOR  PF,  plus 
or  minus  .1  PF. 

it      Repeat  substeps  d  through  h  until  no  further  adjustment 
is  necessary » 

J" 

Note:    Recheck  ZERO  CAL  and  HIGH  CAL, 

Caution;  After  the  TF20«*1  tester  has  been  calibrated>  DO  NOT 
turn  POWER  OFF,  If  POWER  is  turned  OFF^  the  tester  has  to  be 
recalibrated t 

Note:    Calibration  procedures  for  the  TF20-1  CAPACITANCE  INDICATOR 
must  be  accomplished  prior  to  each  DRY  capacitance  measurement^ 
unless  otherwise  stated*    Configuration  of  switches  (selectors, 
controls,  etc)  in  the  following  procedures  are  to  be  performed 
on  the  Tr20-1  test  set^ 

j.      Position  the  CAPAClTAJtfCE  INDICATOR  RANGE  SELECTOR  to 
XIO.    (If  NOT  there  already) 

Position  FUNCTION  SELECTOR  to  UNSHIELD  position. 
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Note!    If  DRY  capacitance  value  readings  noted  in  the  following 
steps  are  NOT  within  the  tolerances  listed*  recheck  calibration 
of  the  TF20-1  capacitance  indicator  and  REPEAT  defective  capaci- 
tance measurements  before  proceeding  to  troubleshooting. 

1.      Record  the  exact  CAPACITANCE  INDICATOR  reading  of  tihe  aft 
tank  BELOW*    DRY  capacitance  reading  should  be  388.4  PF  to  405.5  PF. 

DRY  CAPACITANCE  reading  is  PF. 

(1)    Aft  tank  capacitance  DRY  READING  bench  checked 
Satisfactory  >  unsatisfactory  * 

m.      Position  JUNCTION  SELECTOR  to  TAHK  UNIT  COMP. 

n.      Position  CAPACITANCE  INDICATOR  RANGE  SELECTOR  to  XI, 

0,     RECORD  the  exact  capacitance  indicator  reading  of  the 
AFT  TANK  compensator  B£IiOW«    DRY  capacitance  reading  shall  be  27.9  PF 
to  33.0  PF. 

DRY  Capacitance  reading  is   PF, 

(1)    AFT  TAI5K  compensator  bench  checked  satisfactory   

unsatisfactory  > 

p.     Turn  power  ON  to  trainer  and  proceed  with  step  4« 

4.      AFT  TANK  Fuel  Quantity  Calibration  (DRY  Tank). 

a.      Perform  calibration  of  the  TF20-1  CAPACITANCE  INDICATOR 
lAW  the  following  instructions. 

b*      Position  FUNCTION  SELECTOR  to  ZERO  CAL, 

c.  Position  CAPACITANCE  INDICATOR  RANGE  SELECTOR  to  Xl. 

RESULT:    Pointer  of  CAPACITANCE  INDICATOR  should  indicate  ZEED> 
plus  or  minus  *1  PF* 

i^ote:    If  pointer  of  CAPACITANCE  INDICATOR  DOES  NOT  indicate 
ZEROi  plus  or  minus  *1  PF^  proceed  to  substep  d;  If  indication 
is  ZEROi  proceed  to  substep  e« 

d.  Remove  the  CAP  from  the  ZERO  ADJUST  control  for  the 
CAPACITANCE  INDICATOR  and  adjust  the  control  until  the  pointer  of  the 

^  capacitance  indicator  indicates  ZERO,  plus  or  minus  -1  PF. 

e.  Place  the  CAPACITANCE  INDICATOR  RMGS  SELECTOR  to  XIO. 
f  *      Place  FUNCTION  SELECTOR  to  HIGH  CALi 
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RESULT:    Pointer  oJE  CAPACITANCE  INDICATOR  shai:  indicace  the 
STANDARD  CAPACITOR  PF  stamped  on  the  METAL  PLAIj:.  located 
directly  BELOW  the  FUNCTION  SELECTOR  to  within  plus  or  minus 
.1  PF. 

Note:    If  the  pointer  of  the  CAPACITANCE  INDICATOR  does  NOT 
indicate  the  STANDARD  CAPACITOR  PF,  remove  the  protective  CAP 
froTi  the  HIGH  ADJUST  control  and  adjust  the  control  until 
pointer  of  CAPACITANCE  INDICATOR  indicates  STANDARD  CAPACITOR 
PF  plus  or  minus  ,1  PF. 

g«     Repeat  the  steps  b  through  f  until  NO  further  adjustment 
is  necessary*    Replace  protective  CAP  on  ZERO  and  HIGH  ADJUST  controls* 

h*      Position  FUNCTION  SELECTOR  to  CO^^P  SET/ 

i.      Position  CAPACITANCE  INDICATOR  RANGE  SELECTOR  to  XI* 

j-      Adjust  COMP  25-250  MMF  knob,  until  CAPACITANCE  INDICATOR 
indicates  54*2  PF;  lock  COMP  25-250  ^^^^F  knob. 

k-      Position  FUNCTION  SELECTOR  to  PROBE  SET. 

1*      Position  CAPACITANCE  INDICATOR  RANGE  SELECTOR  to  XIO* 

m.      Position  PROBE  MMF  hundreds  SELECTOR  to  200*    PROBE  IttfF 
thousands  SELECTOR  should  be  in  the  OFF  position. 

n.      Adjust  PROBE  25*250  MMF  knob  until  CAPACITANCE  INDICATOR 
indicates  39.2  PF  (on  XIO  scale,  39*2  equals  392*0  PF) • 

Position  FUNCTION  SELECTOR  to  TEST* 

p.      Adjust  PROBE  25-250  MUF  knob,  (CLOCKWISE)  if  necessary, 
to  position  the  '*A'*  pointer  of  FUS  FUEL  indicator  on  fuel  quantity 
trainer  to  PRECISELV  ZERO* 

q.      Position  FUNCTION  SELECTOR  to  PROBE  SET. 

r.      Take  exact  CAPACITANCE  INDICATOR  indication  for  AFT  TANK 
DRY  value  and  multiply  by  XIO  and  RECORD.    DRY  value  is  PF. 

Note:    The  values  recorded  in  substep  '*n*'  may  or  mey  not  be  the 
same  as  the  measured  value  recorded  due  to  the  tolerance  of  either 
the  tester  or  trainer » 

s.      ADD  AFT  TANK  DRY  value  recorded  in  substep  *'r*'  to  881»2 
PF,  divide  by  50  and  RECORD.    DRV  value  is   PF. 

t.      Position  CAPACITANCE  INDICATOR  RANGE  SELECTOR  to  X50, 

u*      Position  PROBE  MhlF  thousands  SELECTOR  to  1000* 

V*      Position  PROBE  >&iF  hundreds  SELECTOR  to  200  (if  not 
there  already).  Qf*^ 
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w.  Adjusc  PR02K  25-250  MMF  knob  £or  a  CAPACITANCE  INtilCAXOR 
indication  of  the  recorded  value  in  siibstep  "g."  Lock  PROBE  25-250  MMF 
knob  and  do  not  disturb  this  setting. 

X.      Position  FUNCTION  SELECTOR  to  TEST, 

y.      Observe  the  "A"  pointer  of  the  FUS  FUEL  indicator  (M-1) 
on  fuel  quantity  trainer  *    When  movement  of  the  pointer  ceases^  the 
"A**  pointer  of  the  FUS  FUEL  indicator  should  be  on  the  20,000-pound 
graduation  (if  not>  notify  instructor)* 

3.     Turn  ALL  power  switches  OFF  on  the  tester  and  trainer. 

(1)  Disconnect  the  TF20-1  test  harness  from  BOTH  the 
AFT  INTERMEDIATE  DEVICE  and  TRAINER  harness. 

(2)  Reconnect  the  trainer  harness  to  the  AFT  INTERMEDIATE 

DEVICE. 

(3)  The  TF20-1  power  cable  should  be  disconnected  from 
the  115V  AC  400  Hs  output. 

(4)  The  power  cable  and  test  harness  stored  in  the  lid 

of  the  tester* 

(5)  Remove  the  trainer  power  cables  from  the  power  outlets 
and  secure  cables  to  the  trainer. 

Instructor's  Initials 
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Instrument/Flight  Control  Branch 
Chanute  AFB,  Illinois 


3ABR32531-HO-208 
3ABR32632B-HO-307 


F-111  CAPACITAUCE  INDICATING  SYSTEM  WIRING  DIAGRAM 

The  schemacic  diagram  in  this  handouc  supports  che  workbook  for 
the  F-111  Capacitance  Indicating  System*    The  diagram  will  be  used 
by  the  students  as  directed  by  the  instructor. 


Supersedes  3ABR32531-HO-213,  3ABR32632B-HO-305,  11  March  1976* 
OPR:    3360  TTG 
DISTRIBUTIOM:  X 

3360  TTGTC/W  -  200;    TTVSA  -  1 

Designed  for  ATC  Course  Use*    Bo  &Tot  Use  on  the  Job, 


1 


9S,9 


r,,TyJ^  i 


Section  1 


L 


1*  ^£^jf^  i^ry  r^^^^ 


i 


I-  ^-o-  -?iKjr/" 

Of  ^0-^-^*^   


L>ii*iL7i  I 


J- 

y 

p- 

A 

u 

J  t-^rj'/^^a  -Jii 


"X 


:7r 


9  (| 


—    IV  ■ — 


J 


/I'  — L  

J-  —jf'^¥'^^^^ — j 


1 


it 

If 


 X'^^^S^Z 


'^^^^ — 7:; — 


— ^^^jr^  - 


 'X¥'^Z<^ZS  -j^ 

^z^^ss  Az 

\  1 V 

1 1 1^—  XZSZj^Z^^^  ^ 

Mf>-- — z^s^^z^Af'^  ff 


h 
it 

4 


^^j-^^yz  ^ 

^^zz^^±  , 

'^^jA^zz  —A 
^^-^^y.srzz  j 


rr 

=1 L 


S¥^Zj^ZZ  -f  ^ 

i~zt'z^^zz  K 


u 


—  z^^zzzz 


^--z^z^zs  A^ 


^z 


970 


Section  2 


D 


^7 


3- 


—         fTI  ^  J 


 ^ 


£J^i>^az  -^^J-SS^SJfJX-^  1 


^^^^  /r/j^ ^/-sc 


y^^T^ji.  ^^^^ 


9 





97i 


Section  3 


r 


'J 


^^J^S£^  —  <t  1 

^^^^ 


 tT***  tZ  — 

-3-  ^fJ7j9^Z  —  C 




1 


r>ftv>*'  €//^/r  '^T^U' 


 [  c 

P  f      I  ^ 

^  \S 


S 


972 


PROGRAMMED  TEXT 
3ABR3253X-PT-209 


Technical  Tralnlag 


Avionics  Instrument  Systems  Specialist 


VERIICAL  SCALE  ENGIME  IKSTRUMENTS 


30  Jantxary  1978 


CHANUTE  TECHNICAL  TRAINING  CENTER  (ATC) 
3360  Technical  Training  Group 
Chanute  Air  Force  Base,  Illinois 


DESIGNED  FOR  ATC  COURSE  USE 
DO  NOT  USE  ON  THE  JOB 


973 


F08EW0BD 


Tfils  programmed  instructional  package  was  prepared  by  the  Instrument 
Branch  at  Chanute  Technical  Training  Center*    It  was  designed  for  use 
in  Course  3ABR32531»  A^vionics  Instrutoent  Systems  Specialist*  The 
material  contained  herein  has  been  validated  using  30  students  from 
subject  course*    All  students  achieved  the  objectives  as  stated*  Aversge 
time  for  completion  of  this  text  was  157  minutes* 

OBJECTIVES 

Without  references^  identify  facts  pertaining  to  the  purpose^ 
operation^  and/or  characteristics  of  the  typical  vertical  scale  engine 
ins trumantst 

1*  Tachometers^ 

2*     Exhaust  Gas  Temperature^ 

3*     Fuel  Flow» 

4*     Engine  Pressure  Katlo» 

with  an  accurate  of  at  least  80%  on  each  system* 

mSTItUCTIONS 

This  programmed  text  presents  Information  in  small  steps  called 
frames*    After  reading  the  information  in  each  frame,  you  are  asked 
to  make  your  responses  on  the  BESPONSE  SHEET*    Check  the  accuracy  of 
your  response  with  che  correct  answers  that  are  given  after  the  following 
frame*    If  you  make  an  incorrect  response^  study  the  frame  again  before 
going  to  the  ne«  frame*    DO  NOT  HURRY  and  DO  HOT  RESPOND  IN  THIS  BOOKLETl 


Supersedes  3ABR32531-PX-214,  30  October  1974;  3ABR32531-PT-612, 

9  December  1971;  3ABR32531-PT-t)14,  11  November  1971;  3ABR32531-PT-214B, 

29  October  1974. 

OPR:    3360  TCHTG 

DlSTRIBUriOHt  X 

3360  TCHTG/TTEF  -  200;    TTVSA  -  1 

2 


Section  A 


9S3 


Frame  1 

The  vartical  scale  tachometer  indicating  system  provides  the  pilot 
and  flight  engineer  with  Indications  of  the  speed  of  the  engine  dual 
compreflflors  (N-*l|  for  all  four  engines.    These  new  tape-type 

instruments  present  the  same  information  as  the  dial-type  instruments 
previously  discu'tsed*    Howeveri  the  tape-type  instruments  have  two 
distinct  advantages  over  the  dial-type  instruments*    They  take  up  less 
space  and  are  also  easier  to  read  rit  a  glance*    §ee  figure  1* 


Figure  1* 

Circle  the  letter  of  the  correct  response  to  the  following 
statement* 

1*     The  two  advantages  of  the  tape-type  instrument  over  the 

dial-type  instrument  are  that  the  tape-type  instrument  takes 
up 

a*  more  space  and  is  easier  to  read* 
b*  less  space  and  is  e^ier  to  tead* 
c*  more  space  and  is  harder  to  read* 
d*     less  space  and  is  harder  to  read* 


Frama  2 

The  vertical  scale  tachometer  indicating  system  consists  of  the 
following  units;  the  engine  mounted,  signal  producing  tachometer 
generator  as  shown  In  figure  2,  the  converter  unit  as  shown  in  figure  3t 
and  the  Indicator  as  shown  In  figure  1, 


o 


Figure  2i 


Figure  3, 


NO  BESFONSE  REQUIRED 


Answer  to  Frame  Ij    li  b 
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Fratna  3 


The  tachometer  generator  most  commonly  used  with  the  vertical 
scale  tachometer  Indicating  system  is  the  6EU/7A  miniature  generator* 
The  generator  consists  o£  a  wo  pole  permanent  magnet  rotor»  and  a 
three*phase  "wye**  wound  stator*    See  figure  i  for  a  cutaway  view  of 
the  generator*    Except  for  its  slze»  this  generator  is  identical  to 
the  tachometer  generator  you-  studied  in  the  Tachometer  System  programmed 
text*    The  generator  produces  three^phesfe  AC  voltage  and  variable 
frequency  signals*    The  amount  of  voltage  and  frequency  depends  on 
the  speed  of  the  generator  rotor*    As  the  rotor  speed  Increases »  the 
voltage  and  frequency  will  increase  proportionately  to  the  change  in 
rotor  speed* 


Circle  the  letter(s)  of  the  correct  response  to  the  following 
statements* 

1*     When  the  speed  of  the  rotor  Increases*  the  generator  voltage 

a*  increases  and  frequency  decreases* 

b*  Increases  and  frequency  increases* 

c*  decreases  and  frequency  Increases* 

d*  decreases  and  frequency  decreases* 

2.     The  tachometer  generator  produces 

a*     26V  DC  signals* 

slngle«phase  AC  voltage  and  fixed  frequeucy  sisals* 
c*      three**phase  AC  voltage  and  fixed  frequency  signals* 
d.      three-phase  AC  voltage  ^d  variable  frequency  signals* 


Figure  4* 


Fratoe  4 


TT^C  tachometer  generators  and  TUO  tachometer  indicators  are  used 
for  each  engine*    See  figures  5  and  6  for  the  tachometer  generators* 
Figure  7  on  page  7  shoc/s  the  TWO  tachometer  indicators  and  }i^2)  * 

The  reason  for  TtW  tachometer  generators  and  indicators  for  each 
engine  is  that  the  engines  have  dual  axial  compressors*    The  dual 
compressors  In  these  engines  are  loechanically  Independent;  it  is 
possible  for  the  compressors  to  turn  at  different  speeds*  Therefore* 
it  is  necessary  to  have  an  BFM  indicating  system  for  each  compressor* 


Figure  5*    N-1  (Low  Speed)*  Figure  6*    11-2  (High  Speed)* 

Circle  the  letters  of  the  correct  response  to  the  foXlcwlng 
statements  I 

1*     The  compressors  in  the  engine  are 

3*      independent  of  each  other* 

connected  to  each  other  through  reduction  gears* 
c*     bolted  to  each  other* 

2*     Two  tachometer  generators  are  needed  for  each  engine  in 
order  to 

a*      indicate  the  speed  of  each  compressor* 

b*     have  one  as  a  standby  generator* 

c*     provide  a  greater  accuracy  by  sharing  the  load* 

Answers  to  Frame  3:    1*    b     2*  d 
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Frame  5  (Continiidd) 


2»     The  vertical  scale  tachometer  indicators  are  calibrated  to 
indicate 

a.     percent  of  RPM  times  10. 
bt     percent  of  RPM  times  100. 
c»     increments  (grad.)  of  10. 
d.     revolutions  per  mlm'^te. 


Answers  to  Frame  4:    1.    a     2»  a 


Prame  6 

The  converter  unit  is  a  shock  mounted^  transistorized  unit 
containing  Xi  channel  boards.    See  figure  8.    The  channel  boards 
contain  the  conversion  circuitry  and  amplifiers  necessary  to  operate 
the  vertical  scale  indicating  systems.    Since  we  are  studying  the 
vertical  scale  tachoioeter  system*  we  are  going  to  study^  the  rpm 
channel  boards  shown  on  the  upper  left  of  figure  d.    There  is  one 
channel  board  for  each  tachometer  indicator  svstem.    We  will  cover 
the  other  channel  boards  in  other  lessons i 


Figure  8. 


Circle  the  letter  of  the  correct  response  to  the  following 
statement. 

1.     The  vertical  scale  tachometer  indicating  system  contains 

a.  4  channel  boards. 

b.  d  channel  boards 

c.  12  channel  boards. 

d.  16  channel  boards. 

Answers  to  Frame  5:    1.    c     2.  a 
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FraDoa  7* 


Sixteen  fuses  and  ten  connectors  are  located  on  the  front  of  the 
converter*    See  figure  9*    These  fxjses  are  nunibered  F^l  through 
There  Is  one  fuse  for  the  protection  of  each  of  the  16  channels  of 
the  converter  unit*    The  fuse  number  and  the  circuit  that  It  protects 
is  listed  on  the  top  of  the  converter  unit*    The  connectors  are 
numbered  J-^l  through  J**10  and  provide  a  means  of  connecting  the  signal-^ 
sensing  components  and  the  vertical  scale  indicators  to  the  converter 
unit* 


Figure  9, 


Circle  the  letter  of  the  correct  answer* 

1,     The  engine  rpm  channel  circuits  are  protected  by 

a»  2  fuses* 

b*  4  fuses* 

c»  8  fuses* 

d*  16  fuses*  SS2 


Answer  to  Frame  6;    1*  b 


Frame  8 


The  rpm  channels  receive  variable  N-1  or  N-2  tachometer  generator 
signals*    Each  channel  contains  the  circuits  necessary  to  convert  the 
output  of  the  generator  to  a  DC  signal.    The  amplitude  of  this  DC  signal 
depends  on  the  frequency  output  of  the  generator*    The  DC  signal  is 
then  modulated  to  a  UQQ^Uz  AC  signal^  amplified,  and  supplied  to  the 
rpm  indicator  servomotors*    Eight  Identical  rpm  channel  boards  are 
used  in  the  converter  unit*    The  channel  boards  may  be  interchanged 
with  each  other*    The  position  of  the  channel  boards  are  shoim  in 
figure  9  of  the  preceding  frame* 

Circle  the  letters  of  the  correct  answers* 

1*     The  tachometer  generator  signal  is  sent  to  the 

a*  modulator* 

b*     rpm  channel  board* 

c*     vertical  tape  tachometer  indicator* 

2*     The  purpose  of  the  converter  is  to 

a*     convert,  modulate^  and  amplify  the  generator  signal* 
b*     amplify  the  variable  three-phase  signal* 
c*      amplify  the  115V  AC  signal* 


Answer  to  Frame  7t    1*  c 
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Frame  9 

A  typical  arrangement  or  the  vertical  scale  engine  Instrument 
Indicators  Is  shown  in  figure  10.    Notice  that  the  rpm  indications 
(C  +  D)  for  all  eight  engine  compressors  are  shown  on  the  two  rpm 
indicators.    The  vertical  scale  indicators  are  internally  lighted. 
Two  identical  seta  of  the  indicators  are  used  in  the  vertical  scale 
engine  Instrument  system.    One  set  is  mounted  on  the  pilot  s  engine  ^ 
instrument  panel  and  the  other  set  is  mounted  on  the  flight  engineer  s 
panel.    The  word  OFF  (A)  appears  at  the  top  of  the  indicators  when 
power  is  not  applied  to  the  system. 

(g)     (B)  (c)  (5)  (?)  ©  © 

'0     ©T©  I  ©©  I  ©T©     ©T©  ©V 


A,  rOWCi  OM  INOlCATOiS 

CNGINC  riCSSUiC  iAtIO  llsiOICAtOi 
C,  tACHOMCTCi  lifMl  INOtCAtOi  (N^) 
0.  TACHOMCTCi  (ifMl  INOlCATOi  lNj| 


E,  CXHAUST  GAS  tCMrCiAtUiC 

Pilll  HOW  iNOtCAtOi 
0   MOVAttC  TAfES 


llsiOtCATOi 


Figure  10 • 
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Frame  9  (Continued) 


Refer  to  figure  10  (page  12)  to  answer  the  following  questions* 
Circle  the  letters  of  the  correct  answers* 

It     The  rpm  vertical  scale  tachometer  indicators  are  calibrated 
to  Indlcata 

a,     percent  of  rpm  times  10* 
bt     percent  of  rpm  times  100* 
Ct     Increments  of  ten* 
dt     revolutions  per  minute* 

2*     The  vertical  scale  tachometer  Indicators  are  lighted  by 

a*  external  lighting* 

bt  indirect  lighting* 

c*  Internal  lighting* 

dt  fluorescent  lighting* 


Answers  to  Frame  8!    !•    jb^     2»  a 


Frame  10 

Two  rpm  Indicators  are  located  on  each  panel*    See  figure  11*  The 
rpm  indicatori  labeled  N-1,  shows  the  speed  of  the  engine's  law*speed 
compressor  In  percent  o£  rpm*    The  rpm  indicator  labeled        shows  the 
speed  of  the  engine^s  high  speed  contpressor  in  per^ort  o£  rpm*  Each 
indicator  displays  the  rpm  of  £our  engines  oii  llctur  ao'&it^g  tapes*  The 
tapes  are  read  againdt  a  stationary  scale.    K^icli  numbure;2  increment  on 
the  scale  is  read  as  percent  of  rpm  X  10*    F^om  0*9  the  srale  is 
calibrated  in  5  percent  Increments  and  from  S  Co  11  the  o^Mle  is  cali- 
brated In  1  percent  Increments* 


Figure  11* 

Circle  the  letters  of  the  correct  answers* 

It     The  type  N-^1  tachometer  Indicator  Indicates  the  speed  of  the 

a«  high  speed  compressor  rotor  in  percent  of  rpm* 

b.  aircraft  in  percent  of  miles  per  hour* 

c.  low  speed  compressor  rotor  in  percent  of  rpm* 

d.  jet  engine  turbine  wheel  in  percent  of  rpm* 

2*     The  type  N-2  tachometer  Indicator  Indicates  the  speed  of  the 

a*  aircraft  in  percent  of  knots* 

bt  high  speed  compressor  rotor  in  percent  of  rpm* 

c^  law  speed  compressor  rotor  In  percent  of  rpm* 

d*  jet  engine  turbine  wheel  in  percent  of  rpm* 


Answers  to  Frame  9;    1.    a     2*  c 
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Frame  11 


Rafer  to  the  vertical  scale  tachometer  Indicating  system  diagram 
(figure  13)  at  the  end  of  section  A  (page  27)^  and  use  it  with  the 
SE\'::it  following  frames* 

Notice  that  the  tpm  indicators  contain  a  servomotor  and  gear  train 
for  each  Indicator  tape*    A  variable  potentiometer  (Rl)  driven  by  the 
gear  train  is  also  Incorporated  for  each  tape*    The  variable  potentl* 
ometer  provides  a  rebalance  voltage  back  to  the  rpm  channel  board* 
This  is  called  potentiometer  feedback*    Notice  the  dotted  lines  from 
the  servomotor*    These  lines  represent  the  gear  train*    The  following 
frames  will  explain  the  operation  of  the  vertical  scale  RPM  indicating 
system* 

Refer  to  the  dlagraitf  and  .;^rcle  thd  letter  of  the  correct  response 
to  the  following  statements- 

1*     The  Servomotor  of  one  indicator  will  drive 

a*     one  variable  potentiometer  and  one  tape* 
b*     two  variable  potentiometers  and  two  tapes* 
c*     one  variable  potentiometer  and  two  tapes* 


Answers  to  Frame  10:    1*    c     2*  b 
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Framft  12 


When  the  circuit:  breaker  Is  closed^  115V  AC  400-H2  single-phase 
power  Is  applied  to  the  power  supply  of  the  rpm  channel  board  and  to 
^he  fixed  phase  of  the  servoiootors  in  the  pilot^s  and  flight  engineer*s 
indicators*    the  channel  board  power  supply  furnishes  the  regulated  DC 
voltages  fcr  the  ampHf lers»  the  rebalance  potentiometer  (Rl)  in  the 
indicator^  and  an  AC  refererxe  voltage  to  the  modulator  circuits* 

Circle  the  letter  of  the  correct  response  to  the  following 
statement* 

1*     The  voltage  requirement  for  the  operation  of  the  rpm 
vertical  scale  instruoent  is 

a*      115V  AC  60-^H3  single-^phase*  ^ 
b*     IXSV  AC  400*H2  singla^phase* 
c*     115V  AC  60-H2  three-phase* 


Answer  to  Franka  11:    1*  a 
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Frame  13 


Notice  In  the  diagram  that  the  DC  output  from  the  converter 
(frequency  to  voltage)  Is  supplied  to  the  pilot's  and  flight 
engineer*8  modulator  circuits.    The  magnitude  of  the  voltage 
output  depends  on  the  input  frequenqr  from  the  tachometer  generator. 
From  this  point  on>  the  pilot's  and  flight  engineer's  circuits  are 
identical  and  independent  of  each  other.    Therefore*  we  will  discuss 
OKLY-the  pilot's  circuit. 

Circle  the  letter  of  the  correct  response  to  the  following 
statement. 

1.     the  magnitude  of  the  DC  voltage  received  by  the  modulator 
depends  on  the 

a.  freijuency  output  of  the  tachometer  generator. 

b.  amount  of  voltage  supplied  to  tha  AC  bus  bar. 
^  c.     speed  of  the  servomotor* 


.Answer  to  Fraioe  12:    1,  b 
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Frania  14 

When  power  is  applied  to  the  system  and  the  engines  are  not 
runnins*  a  small  DC  oucput  from  nhe  converter  is  supplied  to  the 
modulator  circuits.    The  modulator  circuit  changes  the  sitiall  DC  signal 
Co  a  small  400  Hz  AC  signal.    The  small  AC  signal  is  fed  to  an  ampli* 
fier  where  the  signal  Is  boosted  in  strength.    From  the  amplifier 
the  signal  is  fed  to  an  amplifier  clipper*    Xnaide  the  clipper^  a  portion 
of  the  signal  that  is  not  needed  is  clipped.    The  clipped  signal  is  then 
supplied  to  a  push**pull  amplifier  circuit.    Here  the  signal  is  amplified 
again  and  is  supplied  to  the  control  phase  of  the  servomotor  in  the 
indicator.    The  servomotor  starts  running  when  it  receives  the  amplified 
signal* 

Refer  to  the  vertical  scale  tachometer  indicating  system  diagram 
and  circle  the  letter  of  the  correct  response  to  the  following 
statement* 

1.     When  the  AC  power  is  applied  to  the  aircraft  system^  a 
signal  from  the  converter  drives 

a*  one  servomotor  and  one  N**l  tape. 

b.  one  servomotor  and  two  H*l  tapes. 

c.  two  servomotors  and  two  N-1  tapes* 

d.  two  servomotors  and  one  M<-1  tape. 


9,9/' 


Answer  to  Frame  13:    !•  a 
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Frame  15 


Aa  the  servomotor  runs»  It  drives  a  gear  train  that  positions 
the  tape  and  the  wiper  o£  the  potentiometer  The  servomotor 

continues  to  rtin  until  the  DC  rebalance  or  feedback  signal  felt  on 
the  wiper  of  the  potentiometer  K^l  Is  of  sufficient  strength  to 
cancel  the  modulator  DC  Input  from  the  converter*    At  this  time«  the 
servomotor  stops*    The  Indicator  tape  has  now  moved  up  just  far  enough 
to  remove  the  word  "OFF"  from  view*    The  indicator  tape  now  appears 
blank  except  for  the  calibrated  scale*    See  vertical  scale  tachometer 
indicating  system  diagram* 

Refer  to  the  diagram  and  circle  the  letter  of  the  correct  response 
to  the  following  statement* 

I4     The  servomotor  stops  when  the  modulator  receives  a  sufficient 
DC  signal  from  the 

a*  converter* 

b»  power  supply* 

c*  R-1  wiper* 

d*  DC  buSt 


Answer  to  Frame  14t    1*  c 
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FraiBa  16 

The  tape  is  mechanically  positioned  by  the  gear  train  and  two 
tape  drums.    The  tape  threading  route  and  the  tape  druias  are  shown 
in  figure  12.    When  the  gear  train  is  turned  by  the  servomotor*  the 
tape  drum  rotates  in  the  direction  shown  by  the  arrow  on  its  side. 
The  small  tape  take-up  drum  is  turned  at  the  same  time  in  the 
direction  shown  by  the  arrets  on  its  side*    Refer  to  figure  12  and 
trace  the  tape  from  the  tape  drum  to  the  take-up  drum.    When  power  Is 
applied  to  the  system^  the  tape  moves  and  the  word  OFF  is  removed  from 
view  on  the  Indicator*    When  power  is  removed  from  the  system  for  any 
reason*  a  spiral  spring  Inslda  the  tape  drum  returns  the  OFF  portion 
of  the  tape  into  view  through  spring  tension. 


SOnOM  PttVLVt 


Figure  12. 

Circle  the  letter  of  the  correct  response  to  the  following 
statement. 

1.     The  purpose  of  the  spiral  spring  is  to 

a.     aid  the  servomotor  in  drawing  the  tape  upscale* 
b*     aid  the  servomotor  in  driving  the  tape  dowziscale. 
c.     return  the  tape  to  OFF  when  power  is  removed. 


992 


Answer  to  Frame  IS:    1*  c 
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Frame  17 


With  power  applied  and  the  word  OFF  out  of  view,  the  system  works 
as  follows  when  the  engine  is  running*    As  the  engine  Is  started^  the 
rotor  of  the  tachometer  generator  starts  to  tum^  this  produces  a 
three^phAse  AC  signal  of  variable  frequency*  that  Is  proportional  to 
the  rotor  speed*    This  variable  signal  is  fed  into  a  push-pull  axapli* 
fler*    Xha  pushTpull  amplifier  boosts  the  generator  output  ta  a 
usable  signal  for  the  converter* 

Circle  the  letter  of  the  correct  response  to  the  following 
statements* 

1*     The  output  of  the  tachometer  generator  is  a  variable  frequency 

a*  square-wave  DC  signal* 

b*  slngle^phase  AC  signal* 

c*  two-'phase  AC  signal* 

d*  three-phase  AC  sigaal* 

2*     The  push-pull  amplifier  is  xised  to  amplify  the 

a*     tachometer  generator  signals* 

b*     signals  from  B-l  potantlometer*  ^ 

c*     115V  AC  signals  sent  to  the  servomot^or* 


Answer  to  Frame  lit    1*  c 


21 


Frame  18 


the  converter  changes  the  AC  signal  from  the  push-pull  amplifier 
to  a  DC  signal,    the  magnitude  of  the  DC  signal  increases  as  the 
frequency  of  the  generator's  AC  output  Increases*    the  DC  signal  is 
then  fed  to  the  pilot's  and  (light  engineer's  modulator  circuits, 
the  modulator  changes  the  DC  signal  to  a  400  Hz  AC  signal  of  the 
proper  phasing  to  cause  the  servomotor  to  drive  up  scale*    the  phasing 
of  the  signal  Is  referenced  to  line  voltage* 

Circle  the  letter  of  the  correct  response  to  the  following 
statement. 

1.     the  converter  is  used  to  change  the 

a.  DC  from  the  R*-l  potentiometer  to  AC* 

bt  Ac  from  the  push-pull  amplifier  to  DC. 

Ct  AC  from  the  amplifier  clipper  to  DC* 

d.  AC  from  the  power  amplifier  to  DC* 


Answers  to  Frame  17;    1*    d     2*  a 
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Frame  19 


From  the  modulator^  the  400  Hz  AC  signal  Is  fed  to  an  amplifier 
where  the  signal  Is  boosted  In  strength*    This  amplified  signal  Is 
then  fed  Into  an  amplifier  clipper  where  a  portion  of  the  signal  that 
Is  not  needed  Is  clipped*    the  clipped  signal  Is  sent  to  a  power  amplifier 
xAiere  it  Is  again  increased  in  strength*    This  aioplified  signal  Is  then 
sent  to  the  control  phase  of  a  servomotor  causing  it  to  nrn* 

Circle  the  letter  of  the  correct  response  to  the  following 
statement* 

1*     the  amplified  signal  from  the  power  amplifier  Is  sent  to 


the 


b* 


fixed  phase  of  the  servomotor* 
control  phase  of  the  servomotor* 
R-1  potentiometer* 


Answer  to  Frame  18:  1* 
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Fram  20 

Ad  Che  servomotor  drives »  the  tape  is  positioned  Co  show  an 
increase  in  rpm*    At  the  same  tiiae,  the  wiper  arm  of  the  potentiometer 
R*l  is  moved.    The  motor  continues  to  drive  until  the  DC  voltage  felt 
on  the  wiper  of  R-1  is  o£  sufficient  strength  to  cancel  the  DC  signal 
sent  from  the  converter  to  the  modulator. 

Circle  the  letter  of  the  correct  response  to  the  following 
statement. 

1.     The  purpose  of  the  R-*l  potentiometer  is  to  cancel  the 

a.  converter  DC  signal* 

b.  modulator  AC  sigaal« 

c.  amplifier  clipper  signal. 

d.  power  amplifier  signal* 


'A 


99£ 


Answer  to  Frame  19:    1.  b 
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When  the  generator  frequecicy  Increases,  the  DC  output  from  the 
converter  IncreassSb    In  this  case,  the  DC  output  voltage  from  the 
converter  is  now  greater  than  the  feedback*  voltage  from  potentiometer 
R-1*    The  modulator  nocf  produces  an  AC  signal  that  is  of  such  phasing 
with  the  line  voltage*  that  It  will  cause  the  servomotor  to  run  and 
drive  the  tape  upscala^ 

Circle  the  letter  of  the  correct  response  to  the  following 
statement* 

1*     As  the  generator  frequency  increases »  the  DC  output  of  the 

a*  power  supply  increased » 

b*  power  supply  decreases* 

c*  converter  increasast 

d*  modulator  decreases^ 


Answer  to  Frame  20;    1*  a 
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Frame  22 

\fh^n  the  generator  frequency  decreases,  the  DC  output  from  the 
converter  decreases*    In  this  case,  the  DC  output  from  the  converter 
Is  now  less  than  the  feedback  voltage  from  potentiometer  R-1*  the 
modulator  nou  produces  an  AC  signal  that  is  ot  such  phasing  with  the 
line  voltage,  that  It  will  cause  the  servomotor  to  run  and  drive  the 
tape  dpyn  scale* 

Circle  the  letter  of  the  correct  response  to  the  following 
statement* 

1*     As  the  generator  frequency  decreases,  the  DC  output  of  the 

a*     R-1  potentiometer  is  greater  than  the  output  of  the 
converter « 

b>     R'-l  potentiometer  is  less  than  the  output  from  the 

converter^ 
c*     modulator  decreases. 


908 

Answer  to  Frame  21:    1.  c 
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Figure  X3»    Vertical  ScaXe  Tachometer  Indicating  Syatem* 
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Frame  1 

The  vertical  scale  e^atist  gas  cemperature  system  provides  the 
pilot  and  flight  engineer  with  the  indications  of  exhaust* gas  tew^erar 
ture  in  degrees  Celsius  on  four  vertical  tapes.    The  system  consists 
of  the  engine-mounted  slgnal**producing  components »  the  converter 
units t  and  the  indicators*    Figure  1  shows  the  thermocouple  (signal 
producing  component) »  figure  2  shotrs  the  converter  and  figure  3  shows 
the  Indicator* 


SIDE  VIEW 

Figure  3* 

Figure  1, 


Circle  the  letter  of  the  correct  response  to  the  following 
statement. 

1.     The  vertical  scale  exhaust  gas  temperature  indicating  system 
Indicates  the  exhaust  gas  temperature  in 

a.  DC  millivolts. 

b.  degrees  Celsius. 

c.  AC  millivolts. 

d.  degrees  Fahrenheit. 

1001 
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Frame  2 


The  EGT  thermocouple  probes  are  similar  In  appearance  to  the 
thermocouple  probes  you  studied  earlier  In  this  block*   Each  of  the 
probes  used  with  this  particular  system  contains  two  chrome l-alumel 
thermocouples 4    See  figure  4*    Notice  that  the  two  thermocouples  are 
mounted  Inside  the  probe  housing*    See  A  of  figure  4*    The  probe  Is 
Inserted  Into  the  eochaust  section  of  the  engine  and  held  securely 
by  two  bolts  extending  through  the  mounting  flange  (£  of  top  vleif)* 
The  thermocouples  are  connected  to  the  thermocouple  leads  by  the 
terminal  posts  (?  and  G)  on  top  of  the  probe* 


A4  Thermocouples 

B.  probe 

C*  Mounting  Flange 

D*  Terminal  Post 

E*  Mounting  Holes 

Ft  Alumel  Connecting  Post 

C,  Chromel  Connecting  Post 

H,  Exhaust  Gas  Inlet-Outlet  ports 


S/Oe  VJEW 


Figure  4, 

Circle  the  letter  of  the  correct  response  to  the  following 
statement 4 

I4     The  two  thermocouplefi  are  made  of 


a*     Iron^constantan  and  chromel^alumel* 

copper^lron  and  alumel-constantan* 
C4     Iron-^alumel  and  chromel-^constantan* 
d*  chromel^alumel* 


Answer  to  Frame  It    1*  b 
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The  small  ports,  Itaios  H  in  figure  4,  in  the  probe  allow  the  hot 
exhaust  gases  to  reach  the  thermocouples.    The  protective  probe  around 
the  thermocouples  aids  in  reducing  erosion  of  the  thermocouples.  This 
erosion  is  caused  by  the  extremely  high  exhaust  gas  temperatures  and 
carbon  particles  discharged  from  the  engine. 

Circle  the  letter  of  the  correct  response  to  the  folXotfing 
statement* 

1.     The  purpose  of  the  protective  probe  Is  to  protect  the 


thermocouple  from 

a.  moisture* 

b .  overheatiiig* 
c*  erosion* 

d*  vibration* 


Answer  to  Frame  2:    1*  d 
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Frame  4 

The  e:diaust  gas  temperature  Is  sensed  by  six  thermocouple  probes 
spaced  around  the  engine  exhaust  discharge  passage*    Each  thenaocouple 
develops  a  DC  millivolt  signal  proportional  to  the  temperature  of  the 
exhaust  gas  at  its  location*    The  six  thermocouples »  as  shown  In 
figure  St  are  connected  in  parallel*    An  average  voltage  of  the  six 
Individual  DC  signals  is  provided  as  an  input  to  the  converter's  EGT 
channel  board* 

THERMOCOUPUS 


to  V 
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COLD 
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01 

Figure  5* 

Circle  the  letter  of  the  correct  response  to  the  following 
statements* 

1*     The  six  thermocouples  that  sense  the  temperature  of  the 
EGT  Indicating  system  develops  an  average  DC  signal, 
becaxise  they  are  connected  in 

a*  series* 

b ,  parallel* 

c  *     ser  lds-*p  arallal  * 

2*     The  thermocouple  sends 

a*     an  AC  millivolt  signal  to  the  converter's  channel  boards < 
b*     a  DC  millivolt  signal  to  the  converter's  channel  boards* 
c*     an  AC  voltage  to  the  converter's  channel  boards* 


Answer  to  Frame  3t    1*  c 
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You  were  told  In  frame  Z  that  each  thermocouple  probe  contained 
two  thermocouples «    The  reason  for  thls^  Is  that  one  thermocouple  Is  used 
In  the  Indicating  system^  and  the  other  thermocouple  Is  wired  to  the 
spread  thermocouple  test  receptacle.    These  dual*type  thermocouple 
probes  are  shown  In  figure  6«    The  spread  thermocouples  are  used 
separately  from  the  aircraft^  Indicating  system*    They  are  used 
to  check  the  engine  for  proper  combustion  (engine  trim).    This  includea 
teats  that  are  required  with  the  engine  removed  from  the  aircraft. 
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Figure  6« 


Refer  to  figure  6  and  circle  the  letter  of  the  correct  responsr:: 
to  the  following  statements 

1«     The  six  spread  thermocouples  are  used  for 

a.     the  pilots  indicating  system. 

b«     the  engineer's  indicating  system* 

c.     checking  the  engina  for  proper  combustion. 


1=005 


Answers  to  Frame  4:    1.    b     2t  b 
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Frame  6 


A  similar  convercer  mit  that  was  described  In  section  A  Is  used 
with  the  vertical  scale  esthaust  gas  temperature  Indicating  system* 
Four  chanii;)l  boards  are  used*  one  for  each  engine  to  process  the  DC 
millivolt  Jiput  signals  into  400  Hz  AC  signals  to  operate  the  vertical 
scala  tapetf« 

Circle  the  letter  of  the  correct  response  to  the  following 
stateinaat* 

1«    'The  converter  channel  board  converts  a  DC  millivolt  signal 


Into  a 

a*     400      AC  signal. 

b«     square  wave  DC  signal. 

c.  60V  AC,  60  Hz  AC  signal. 

d.  llOV  AC»  60  Uz  AC  signal. 


Answer  to  Frame  5: 


1.  c 


Frame  7 

Except  for  the  calibrated  scale,  the  EOT  indicators  are  constructed 
Identical  to  the  RFM  indicators,    the  EGt  scale  has  a  range  from  100 
degrees  to  300  degrees  C.    From  100  idegrees  to  400  degrees  C  the  scale 
Is  calibrated  ia  50  degrees  increments.    From  400  degrees  to  300  degrees  C 
the  scale  is  calibrated  in  10  degree  Increments.    Each  numbered  Increment 
on  the  scale  is  read  In  degrees  Celsius  X  100. 

Circle  the  lettar  of  the  correct  response  to  the  following 
statement* 

X.     The  indicator  that  Is  calltrated  In  degrees  Celsius  Is  the 

a*     EPR  indicator* 

b.  RFM  Indicator* 

c.  EGt  Indicator* 

dt     fuel  flow  indicator* 


Answer  to  Frame  6;    1.  a 
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Frame  8 


Notice  in  figure  7  that  the  OFF  flag  shows  at  the  top  of  the 
indicator  (A)  before  power  is  applied  to  the  system*    This  is  because 
the  spiral  spring  in  the  cape  drum  has  rotated  the  gear  train  backwards 
and  causes  the  word  OFF  to  appear*    At  the  same  time*  the  wiper  of 
potentiometer  Rl  in  the  indicator  has  moved  to  a  position  lower  than 
normal*    Movable  tapes  (6)  show  the  indications* 
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0.  TACHOMitEl  fftPMl  iNOiCATOl  \H^\ 

Figure  7* 

Refer  to  figure  7  and  circle  the  letter  of  the  correct  response 
to  the  following  statement* 


1*     The  word  OFF  appears  on  the  in<iicator  when  power  is  removed 
due  to 

a.  spring  tension  on  the  tape  drum* 
b*  the  motor  driving  the  tape  down, 
c*      the  motor  driving  the  tape  up* 

Answer  to  Frame  7(    1,  c 
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Frame  9 


Refer  to  the  vertical  scale  exhaust  gas  temperature  system  (EGT) 
diagram*  figure  8 »  at  the  ettd  of  section  B  (page  43)  and  use  It  with 
frames  9»  10 »  and  11* 

Notice  the  115V  AC,  UOO^Hz  single-^phase  circuit  breaker*  When 
the  circuit  breaker  is  closed  (assume  that  power  Is  applied  to  the 
aircraft)*  AC  voltage  is  applied  to  the  power  supply  of  the  EGT  channel* 
The  power  supply  furnishes  the  DC  voltages  to  the  amplifiers  and  the 
DC  reference  voltage  to  potentiometers  Kl  In  the  pllot^s  and  flight 
engineer's  Indicators*    The  voltage  Is  also  supplied  to  the  Indicators 
for  servomotor  excitation* 

Circle  the  letter  of  the  correct  response  to  the  following 
statements* 

1*     The  voltage  requirement  for  vertical  scale  servomotor 
excitation  Is 

a*     a  square  wave  DC  signal* 
b*      115V  AC,  60-H2  single-phase* 
c*     115V  AC,  UOO'Hz^  slngle-phase* 
d*     115V  AC,  400-H2:»  three-phase* 

2*     The  power  supply  provides  DC  voltage  for  the  dual  chopper, 
follow-up  potentiometer  and  the 

a*  amplifiers* 

b  *      themo  coup  les  * 

c*      fixed  phase  of  the  servomotor* 


Answer  to  Frame  8t    1*  a 
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Frame  10 


Notice  In  figure  8  that  the  thermocouple  circuit  is  connected 
to  Che  cold  Junction  compensator  on  the  EGT  channel  board*    The  cold 
function  compensator  provides  a  constant  millivolt  reference  voltage 
regardless  of  temperature  changes*    When  power  is  applied  to  the  system 
a  DC  millivolt  signal  is  produced  by  the  cold  function  compensator* 
This  signal  is  larger  in  magnitude  than  the  DC  feedback  signal  from 
potentiometer  Rl^  in  the  indicator* 

Circle  the  letter  of  the  correct  response  to  the  following 
statemantSfr 

1.     The  cold  junction  con^ensator  sends 

a«  an  AC  signal  to  the  dual  chopper* 

b*  a  square  wave  signal  to  the  dual  chopper* 

c*  an  AC  millivolt  signal  to  the  dual  chopper* 

d*  a  DC  millivolt  signal  to  the  dual  chopper. 

2*     When  power  is  applied  to  the  system^  the  potentiometer  DC 
feedback  signal  is 

a»     smaller  than  the  signal  produced  by  the  cold  junction 
compensator » 

b*     higher  than  the  signal  produced  by  the  cold  junction 
compensator » 

c»     the  same  strength  as  the  signaX  produced  by  the  cold 
Junction  compensator* 

3fr     The  cold  junction  compensator  is  located 


a*  in  the  thermocouple* 

b*  in  the  EGT  indicator » 

c*  in  the  thermocouple  lead, 

d*  on  the  EGT  channel  board* 


Answers  to  Vx&m  9t    1*    c     2*  a 


Frame  11 


Refer  co  figure  8  again*    The  DC  mllllvolc  signal  supplied  by 
Che  cold  junction  compensator  Is  sent  Co  the  dual  chopper.    The  dual 
chopper  contains  Tl^O  Independent  choppers;  ONE  for  the  pilot's 
Indicating  system  and  ONE  for  the  flight  engineer's  Indicating  system. 
From  this  point  on^  both  circuits  are  the  same.    Therefore,  we  will 
cover  only  the  pilot's  system* 

In  the  chopper  circuity  the  DC  millivolt  signal  from  the  cold 
Junction  compeasator  Is  changed  to  a  AOO-^Hz  AC  signal.    The  AC  signal 
Is  supplied  to  an  amplifier  where  It  Is  boosted  In  strength*  The 
boosted  signal  Is  fed  to  a  clipper  circuit  (Ql«  3«  &  3)  where  a 
portion  of  a  signal  that  Is  not  needed  Is  clipped.    The  clipped 
signal  Is  then  amplified  by  the  power  amplifier.    The  output  of  the 
power  amplifier  Is  fed  to  the  control  phase  of  the  servomotor  in  the  ' 
indicator* 

Circle  the  letter  of  the  correct  response  to  the  following 
statement* 

1*     The  amplified  400-^Hz  AC  signal  Is  applied  to  the 


a* 
b* 


fixed  phase  of  the  servomotor* 
control  phase  of  the  servomotor* 
follow-up  potentiometer* 


Answers  to  Fraine  10:    1.    d     2*    a     3.  d 


Frame  XI 


Ad  the  servomotor  drives «  the  tape  is  repositioned  and  the  wiper 
of  potentiometer  Rl  is  moved*    The  servomotor,  continues  to  drive  until 
the  DC  voltage  on  the  wiper  of  Rl  is  of  the  same  value  as  the  DC 
signal  supplied  to  the  chopper*    At  this  time*  the  servomotor  stops 
and  the  word  OFF  is  removed  from  view*    The  indicator  now  appears 
blank  except  for  the  calibrated  scale*    This  system  uses  a  servoloop 
where  the  potentiometer  provides  the  feedback  signal  for  nulling  the 
DC  signal  supplied  to  the  chopper* 

Circle  the  letter  of  the  correct  response  to  the  following 
statement* 

1*     The  EGT  vertical  scale  system  uses  a  servoloop  that  is  nulled 
by  a 

a*     synchro  feedback  signal* 

b*     wheatstone  bridge  feedback  signal* 

c*     potentiometer  feedback  signal* 


Answer  to  Frame  111    1*  b 
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Fraine  13 

When  the  ^ine  Is  started  and  heat  I3  applied  Co  the  thermocouples^ 
a  DC  millivolt  signal  is  produced  in  the  therroocouple  circuit*    The  DC  \J 
!iiillivolt  signal  is  applied  to  the  cold  junction  compensator*  This 
increase  in  voltage  is  applied  to  the  dual  chopper*    Remember  the  JC 
signal  from  the  cold  junction  compensator  is  now  stronger  than  the 
feedback  signal  from  the  poteatiometer  Rl  in  the  indicator* 

Refer  to  the  E6T  diagram  and  circle  the  letters  of  the  correct  * 
response  to  the  following  statements* 

1*     As  heat  is  applied  to  the  thermocouples >  they  produce  ^ 

a*     a  square  wave  signal* 

an  AC  signal* 
c*     a  DC  millivolt  signal* 
d*     an  AC  millivolt  signal* 

2*     The  thermocouple  signal  is  sent  to  the 

a*     cold  junction  compensator* 

b»     power  supply* 

c*     followup  potentiometer* 


1U3 

Answer  to  Frame  12:    1*  c 
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Frame  lA 

The  DC  miXllvolt  signal  from  the  cold  Junction  compensator  is 
changed  co  a  A00**H2  AC  signal  in  the  dual  chopper.    This  AC  signal 
is  supplied  to  an  amplifier  where  it  Is  boosted  in  strength.  The 
boosted  signal  is  fed  Co  a  clipper-  circuit  where  a  portion  of  the 
signal  that  is  not  needed  is  clipped*    This  clipped  signal  i*^  sent 
to  a  potirer  amplifier*    The  output  of  the  pover  amplifier  is  fed  to  the 
control  phase  of  the  servomotor  causing  the  motor  to  run.    This  repo-^ 
sitions  the  tape  and  the  viper  of  Bl.    When  the  VAO  DC  signals  at  the 
chopper  are  equals  but  opposite  la  polarities*  the  motor  stops  and  the 
indicator  not/  indicates  the  exhaust  gas  temperature  la  degrees  Celsius. 

Refer  to  figure  8  and  circle  the  letters  of  the  correct  response 
to  the  following  statements* 

1.     The  DC  millivolt  signal  from  the  cold  junction  cotnpensator 
is  sent  to  the 

a*  amplifier* 
b*     dual  chopper* 

c.  power  amplifier* 
d*  clipper 

2*     The  servomotor  stops  running  when  the  DC  signal  of  the  poten* 
tiometar  la 

a*     higher  than  the  DC  signal  ol-  the  chopper, 
b*      lower  than  the  DC  signal  of  the  chopper* 
c*      the  same  strength^  but  opposite  in  polarity  to  the  DC 
signal  of  the  chopper* 

d.  greater  strength^  but  opposite  in  polarity  to  the  DC 
signal  of  Che  chopper* 


Answers  to  Frame  1j:    1*    c     2*  a 


Frame  15 

The  signal  chat  causes  the  servomotor  to  drive  up  or  down  scale 
Is  decided  at  the  chopper*    When  the  DC  signal  voltage  produced  by^ 
the  thermocouple  circuit  Is  greater  than  the  DC  feedback  voltage  'felt 
on  the  wiper  of  the  potentiometer  Rl,  the  servomotor  drives  to  position 
the  tape  up  scale  due  to  the  phasing  of  the  kC  output  signal  from  the 
chopper.    When  the  DC  feedback  signal  is  greater  than  the  DC  signal 
from  the  thermocouples  (decrease  in  EGT),  the  motor  drives  to  position 
the  tape  down  scale  due  to  phasing  of  the  output  AC  signal  from  the 
chopper* 

Circle  the  letter  of  the  correct  response  to  the  following 
statement* 

1.     The  servomotor  drives  the  tape  down  scale  when  the  DC 
signal  from  the  thermocouple  circuit  Is 

a*      less  than  the  signal  from  potentiometer  Rl* 
bt      greater  than'the  signal  from  potentiometer  Rl« 
c«      the  same  as  the  signal  from  potentiometer  Rl* 


13 


Answers       Frame  14:    1.    b     2.  c 
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11 


Frame  1 


Section  C 


The  vertical  scale  engine  Instruioent  fuel  flow  Indicators  provide 
the  pilot  and  flight  engineer  with  indications  of  rate  of  fuel  flow 
to  the  engines  In  pounds  per  hour  (PFH).    These  new  tape-type  instru* 
meats  present  the  saine  Information  to  the  pilot  and  flight  engineer 
as  do  the  dial-type  instrutoents  covered  in  earlier  programmed  texts* 
However*  the  tape-type  instruments  have  tvo  distinct  advantages  over 
the  dial«-type.    They  take  un  less  space  and  are  easier  for  the  pilot 
and  flight  engineer  to  reac?  at  a  glance*    The  fuel  flov  Indications 
for  all  four  engines  are  shown  on  one  Instrument*    See  figures  1  and  2. 


'  FT  ^ 

rrH  1 1114 


Figure  1, 


Figure  2. 


For  each  of  the  following  statements »  circle  the  letter  preceding 
the  correct  alternative* 

1*     The  advantages  of  the  tape-type  Instrument,  over  the  dlal- 
typ     are  that  the  tape-type  requires 

a*  more  space  and  is  easier  to  read. 

b.  less  space  and  Is  easier  to  read. 

c.  less  space  and  Is  harder  to  read* 

d.  the  same  amount  of  space  and  is  easier  to  read. 
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ns 

Tram  1  (Continuad) 


The  InstruiDent  shown  In  figures  1  and  2  Indicates  the  fuel 
flov  for 

1  engine* 

2  engines* 
c«  3  engines* 
d«     4  engines* 

The  vertical  scale  fuel  flew  Indicating  system  indicates 
the  anvunt  of  fuel  flov  in 

a*  pounds  per  inch  X  1000* 

b*  pounds  per  minute  X  1000* 

c«  pounds  per  hour  X  1000* 

d«  gallorut  per  hour  X  1000* 
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Frajoe  2 

The  vertical  scale  engine  Instrument  fuel  flow  system  consists 
of  the  englne-inounted  signal-producing  components'^  the  converter  unit, 
and  the  Indicator*    Figure  3  shows  the  transmitter,  figure  A  shows 
the  converter,  and  figure  5  shows  the  Indicator*    The  signal  producing 
component  Is  the  transmitter*    Each  engine  has  a  fuel  flow  transmitter 
(sensor),  that  Is  mounted  on  or  near  the  engine*    Since  system  operation 
begins  with  the  signal  produced  by  the  signal-sensing  component^  that 
is  the  first  item  we  will  learn  about* 


Figure  3* 


NO  RESPONSE  REQUITUSD 
Answers  to  Fram^  1:    1*    ^     2*    ^     3*  c 
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Figu^re  5* 


1  m 


Fraisa  3 


The  fuel  flow  transmitter  shown  In  figure  3  differs  greatly  from 
the  fuel  flow  transmitter  you  studied  in  an  earlier  programmed  text. 
Howeveri  the  signal  output  to  the  fuel  flow  indicating  system  is  the 
same.    The  transmitter  (TX)  provides  a  synchro  signal  output  to  the 
system.    This  signal  is  applied  directly  to  the  control  transformer 
(CX)  in  the  indicators.    See  figure  6  (next  page)*    The  angular  position 
of  the  synchro  rotor  is  directly  proportional  to  the  rate  of  fuel  flow. 

Rafer  to  figure  6  to  complete  the  following  statement.  Circle 
the  letter  preceding  the  correct  response* 

1.     The  signal  from  the  fuel  flow  transmitter  is  applied  to  the 


c« 
d. 


servomotor. 

power  supply* 

transmitter  motor* 

control  transformer  synchro* 


Frama  4 

The  transmitter  operates  on  the  principle  that  the  amount  o£  fluid 
£lov  can  be  measured  by  Its  resistance  to  deflection*    The  transmitter 
receives  115V  AC  400-Hertz  single-phase  power  from  the  converter  unit* 
This  AC  power  Is  supplied  to  a  motor  in  the  transmitter*    See  figure  6* 
The  motor  drives  an  impellari  in  the  transmitter^  at  a  constant  speed 
of  60  revolutions  per  minute* 
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Figure  6* 

Refer  to  figure  6  to. complete  the  following  statement*  Circle 
the  letter  preceding  the  correct  alternative* 

I4     The  transmitter  motor  operates  on 

a*      IISV  AC* 

b*      llOV  AC»  60  Hertzi  three-phase* 
c*      115V  AC,  400  Hertzt  single-phase* 
d*      115V  AC»  400  Hertz^  three-phase* 


Answer  to  Frame  3:  1* 
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Frame  S 


As  che  fuel  flows  into  che  transtnlccer  through  the  Inlet  vane^ 
the  motor  drivan  Impeller  causes  the  fuel  to  swirl*    The  torque  created 
by  the  swirling  fuel  causes  the  tnoveabla  turbine  to  be  moved  against 
a  restraining  spring*    Whan  the  torque  applied  to  the  turbine  equals 
tha  resistance  of  the  ratstrainlng  spring,  the  turbine  movement  stops* 
Tha  movement  of  the  turbine^  through  maCTetic  coupling^  positions  the 
rotor  of  the  synchro  unit*    If  something  should  happen  that  the  motor 
could  not  drive  the  Impallar*  the  system  would  be  inoperative  and  tha 
indicator  would  show  no  fuel  flow* 


(-POWER 


SYNCHRO 
TRANSMITTER 


CONSTANT- SPEED  MOTOR 
FLUID  PASSAGE 


OECOURJNQ  DISK- 
MAGNETIC  COUPLER 
Figure  7* 


RESTRAINING  SPRING - 

SYNCHRO  OUTPUT- 


Refer  to  figure  7  to  complete  the  following  statements*    For  each 
statement  circle  the  letter  preceding  the  correct  alternative* 

1*     The  moveable  turbine  positions  the  rotor  of  the  synchro 
through 

a*     a  mechanical  linkage* 

b*     a  magnetic  coupling* 

c*     an  electromagnetic  coupling* 

2*     The  turbine  movement  is  stopped  by 

a*     a  restraining  spring* 

b*     a  magnetic  brake  assembly* 

c*     an  electric  brake  assembly* 

3*     If  the  constant  speed  motor  In  the  transmitter  bums  out> 

the  impeller  will  not  rotate*  The  fuel  flow  indication  will 
show 

a*  normal* 

b*  high* 

c*     no  fuel  flow* 

d*  low* 


Answer  to  Frame  4;    1*  c. 


49 


Frama  6 

The  convertar  uniCi  showa  in  figure  8>  is  a  shock  mounted  translscor- 
ized  unit  containing  16  channel  boards^    The  fuel  flow  channel  boards 
contain  the  conversion  circuitry  and  amplifiers  necessary  to  operate 
the  vertical  scale  indicating  systems.    Input  signals  to  the  fuel  flow 
channel  boards  are  supplied  by  the  control  transformers  in  the  indicators • 


tNO  1 


^  rutl  HOW 


Figure  8. 


Refer  to  figure  8  to  answer  the  following  question.    Circle  the 
letter  preceding  the  correct  answer* 

1»     The  converter  contains  how  many  channel  boards  for  the  fuel 
flow  system? 


c 


i  ; 


a. 
b. 
c. 

d. 


2. 
4. 
6. 
8. 


1  ^^--l 


Answers  to  Frame  5i    l»    ^     2*    _a     3»  £ 
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Fratoe  7 

FOUR  fuel  flow  channel  boards  are  used  in  the  converter  unit. 
These  channel  boards  are  Inuarchangeable  with  each  other. 

There  la  ONE  fuse  for  each  of  the  FOUR  fuel  flow  channels  of  the 
converter  uniti    The  fuse  nuntber  and  the  circuit  that  It  protects 
(FF  -  fu«l  flow)  are  printed  on  the  top  of  the  converter  unit.  See 
figure  9  for  fuse  locations* 
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Figure  9. 

Refer  to  figure  9  to  complete  the  following  statement.    For  each 
statement^  circle  the  latter  preceding  the  correct  alternative. 

1.     The  number  1  engine  fuel  flow  system  Is  protected  by  fuse 
number 


a* 
b. 
c. 
d. 


Fl* 
F2. 
F9. 
P13. 


Answer  to  Frame  6:    1.  b 
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/O'03L 
Frame  8 


A  typical  arrangement  of  the  vertical  scale  engine  Indicators  as 
chey  might  appear  on  the  Instrument  panel  Is  shown  In  figure  10,  Mote 
that  the  fuel  f Iw  Indications  for  ALL  FOUR  engines  appear  on  FOUR 
separate  tapes  Inside  ONE  Indicator  (F) .    These  vertical  scale  Indicators 
are  Internally  lighted*    The  seals  ranges  from  0  PFH  to  16*000  PPH*  on 
the  fuel  flow  Indicator* 


® 
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Figure  10. 


Circle  the  letter  preceding  the  correct  alternative. 
1.     The  vertical  scale  engine  instruments  are  lighted 


a.  Internally. 

b.  externally* 

c.  by  Indirect  lighting. 

d.  by  fluorescent  lighting. 


Answers  to  Frame  7;    X.  a 
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Frane  9 


Two  Identical  sats  of  the  vertical  sc^a  Indicators  ara  uaad  In 
tha  angina  Instrument  ayatem.    Ona  aat  Is  mountad  on  tha  pllot^s 
engine  Instrument  panel  and  tha  other  set  Is  mounted  on  the  flight 
engineer's  panel*    The  word  "OFF"  appears  at  the  top  of  all  the 
Indicators  when  pow^'^  is  not  applied  to  the  system. 

Refer  to  figure  10  to  complete  the  following  statement.  Circle 
the  letter  preceding  the  correct  alternative* 

1.     When  power  Is  removed  from  the  instrument  systfim,  the  mrd 
OFF  appears  on  the  piloted  and  flight  engineer's 

a*     Indicator  fuse  panels 
bt     indicator  transmitters* 
c*     Indicators « 


l<)27 

Answer  to  Frame  8t    1.    s  S3 


100^ 
Frai&e  10  ■ 

The  tape  is  mechanically  positioned  by  the  gear  train  and  two 
tape  drmnst    The  tape  threading  route  and  the  tape  drums  are  shown  in 
figure  11,    When  the  gear  train  is  turned  by  the  servomotor^  the  tape 
drum  rotates  in  the  direction  shown.    The  small  take-up  drum  rotates 
at  the  same  timei  in  the  direction  s]hqwtt* 


JMt  HUMtU  2 


?igure  lit 

lU^ier  to  figure  XX  to  complete  the  following  statement.  Circle 
the  letter  preceding  the  correct  alternative, 

1,     The  tape  shown  in  figure  11  is  tape  number  - 

at  It 

bt  2t 

c,  3t 

d,  4t 


Answer  to  Frame  9:    1,  c 
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Fraica  11 


The  fuel  flow  Indicator  Is  constructed  alstost  Identical  to  the 
Indicators  wa  hava  diacussed  thus  far*    The  major  difference  Is  that 
s  control  transfocmar  id  Incorporated  in  each  Indicator  tape  gear  train 
to  NULL  thd  sarvoloop  operation.    See  figure  14  In  the  back  of  section  C 
(page  70)4    The  control,  transformer  WULS  the  error  signal*  This 
difference  will  be  studied  later  nndsr  system  operation. 

Refer  to  figure  14  to  complete  the  following  statement.  Circle 
the  letter  preceding  the  correct  alternative* 

1.     The  servoloop  operation  of  the  fuel  flov  indicating  system 
id  nulled  by 

a4  a  DC  potentiometer* 

bi  a  control  transformer* 

c*  an  AC  potentiometer* 

d*  an  Ac  resistive  bridge  circuit* 


Answer  to  Frame  10:    1*  b 
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Frama  12 


Each  tape  in  the  indicator  shows  the  rate  of  fuel  flew  for  its 
respective  engine*    These  indicators  are  calibrated  to  indicate  the 
fuel  flow  in  pounds  per  hour  X  1000*    The  tape  is  read  against  a 
calibrated  scale*    The  indicator  has  a  range  from  400  to  16^000  PPH* 
L^ok  at  figure  12*    Each  aunbered  increment  is  read  as  PFH  fuel  flow 
X  1000*    From  400  to  6000  FFH  the  scale  is  calibrated  in  200  FFH 
increments*    From  6000  F?H  to  16^000  FFH  the  scale  is  caXlhtated  in 
1000  FFH  Increments* 


{  P"F  ^ 


U  34 
@  ^ 

Figure  12* 

Complete  each  statem^t  beXov  by  circling  the  letter  preceding 
the  correct  response* 

1*     The  vertical  scale  fuel  flow  indicator  shotm  in  figure  12 
will  indicate  the  amount  of  fuel  flow  in  potmds  per 

a*  second  times  1000* 
b*  minute  times  lOOO* 
c*     hour  times  1000* 

2.     The  numbered  increments  of  the  vertical  scale  fuel  flow 
indicator  are  calibrated  to  indicate 

a*  percent  of  fuel  flow  X  1000* 

bt  pounds  per  hour  o£  fuel  flow  X  1000* 

c*  pounds  per  second  of  fuel  flow  X  1000* 

d*  pounds  per  minute  of  fuel  flow  X  1000* 


Answer  to  Frame  lit    1*  b 
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Prame  13 


The  fuel  flow  Indicating  system  1&  a  dervo-^rlven  synchro- 
controlled  system  and  is  referred  to  ad  a  servoloop  system*  The 
Indicator  consists  of  four  Independent  cat^e  Indicators*    Again  you 
are  reminded  that  all  four  Indicating  systems  operate  the  saote*  So 
you  need  to  learn  about  only  QUE  fuel  flow  Indicating  system*  To 
establish  a  beginning  pointy  we  will  set  up  the  same  conditions  that 
Vera  established  for  the  other  tape  systems*    There  Is  no  power 
applied  and  the  engines  are  not  runnings    Kefer  to  figure  14  at  the 
back  o£  section  C  to  answer  the  questions  on  the  next  ten  (10)  frames* 

Reefer  to  figure  14  to  complete  the  following  statement*  Circle 
ths  letter  preceding  the  correct  4ltematlve» 

1«     The  vertical  scale  fuel  flow  Indicating  system  Is  referred 
to  as  a 


a^ 
b* 


servoloop  systam* 
DC  potentiometer  feedback  system* 
resistance  potentiometer  feedback  syst^* 
servo  resistance  bridge  feedback  system^ 


Answers  to  Iframe  12 1    1*    c^  2* 
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100% 
Frasie  14 


.    .  L-i    1  -i4*«.*«i  nf  A  fual  flow  indicating  system 

^h^fluSt  Fl.  vhich  i.  located  iJ^^^^-^-Sr^^^^^^^ 

Ideatlfled  as  the  Dumber  1  ^f^.^i^L^^erS  allied  to  the  aircraft 

cltcuxt  breaker  is  closed  aad  115V  AC  po^er        W  ^^^^ 

r  t:'^         SrA?"i^CuTdt   "a  'aipSfU  pa.e.  supply  and 
Junction*  the  115V  AC  JJ'^^tter  motor.    Follow  the  sama  wire  from 
down  to  the  fuel  flow  transmitter  ,     jj^^      ^  also 

the  Junction  to  the  ri^t  and  ^^^^  the  Junction 

applied  to  the  fuel  flow  "^^^f^tfcSf S^voltagl  is  appUed 
just  above  the  fual  f^^J  "J^^J'^^^Sght  engineer's  fuel  flaw 
to~the  aervottotors  of  the  pilot  »  and  tx*snt  =  & 

indicator' • 

Answer  the  foUowlng  question  by  circling  the  letter  Preceding 
the  correct  answer. 

1.     What  is  the  power  requirement  of  the  fuel  flow  indicating 
system? 

a.     28V  DC.  . 
b       28V  AC.  400-Hertz.  ;»inglo-phase. 
c.      115V  AC,  60-Bert3.  three-phase, 
d!      115V  AC.  400-Bertz»  single-phase. 


Answer  to  Frame  13:    1.  t 
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roQ<{ 

Frame  IS 


Tha  pover  supply  furnishes  the  regulated  DC  voltage  necessary  £or 
amplifier  operation*    The  IISV  AC  la  supplied  to  the  fuel  flow  trans- 
mitter motor*    The  motor  drives  the  impeller  at  a  constant  speed  of 
60  rpm*    This  same  X15V  AC  la  applied  to  the  transmitter  (TX)  for 
rotor  excitation  and  to  the  fixed  phase  of  the  servomotors^  as  a 
reference  iroltage* 

Circle  the  letter  preceding  the  correct  statement. 

1*     the  115V  AC  la  applied  to  the  transmitter  motor  to  drive  the 


a*     servomotor  at  a  speed  of  60  rp=. 

b*      Impeller  at  a  speed  of  60  rpm* 

C4      transmitter  rotor  at  a  speed  of  60  rpm* 


Answer  to  Frame  14:    1*  d 
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Fram  16 

When  power  Is  applied  to  the  system^  a  sigaal  Is  Induced  into  the 
stators  of  the  transmitter  (TX)»    This  signal  is  transferred  electrically, 
to  the  stators  o£  the  ctnitxol  transformer  (CX)j  In  the  pilot's  and  flight 
engineer's  Indicators*    See  figure  14,    From  this  point  on>  the  pilot's  , 
and  £llght  engineer's  circuits  are  independent  but  the  circuit  operation 
is  Identical,    So  we  will  discuss  the  pilot's  Indicating  system, 

NO  RESPONSE  REQUIRED 


Ansyer  to  Frame  15:  1, 


I  )34 
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Fraise  17 


The  fuel  flow  transmitter  output  dlgnal  bypasses  the  fuel  flow 
converter  channel  board  and  la  supplied  directly  to  the  fuel  flotf 
Indicator*    See  figure  14«    The  signal  la  received  by  a  control 
transfomar  (Ct)  In  the  Indicator*    The  error  slgnali  that  Is  Induced 
Into  the  rotor  of  th«  control  transfomier^  Is  sent  to  an  amplifier 
clipper  located  on  the  fuel  flow  converter  channel  board*  The 
channel  board  contains  the  circuitry  necessary  to  amplify^  cXlpi  and 
pover  the  error  signal  that  drives  the  Indicator  servomotor*^ 

For  each  $tateioant»  circle  the  letter  preceding  the  correct 
response* 

1«     The  fuel  flow  tranamitter  output  signal  Is  sent  directly 


a«  the  servomotor* 

h*  the  control  transfonoar* 

c«  an  amplifier « 

d*  an  amplifier  clipper* 

2«     The  signal  amplifying  section  is  located 

a«  on  the  converter  channel  board « 

b«  in  the  fuel  flow  indicator* 

c«  in  the  fuel  flow  transmitter* 

d«  In  the  AC  power  supply* 


to 
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Fratae  18 


WheiT  the  signal  from  the  statota  of  the  transmitter  (tX)  Is  felt 
In  tha  stators  of  the  pilot's  Indicator  (cr) »  a  small  error  signal  Is 
Induced  Into  the  rotor  of  the  (CT)*    The  error  signal  from  the  rotor 
la  applied  to  tha  circuits  of  the  aspllflar  clipper.    The  clipped  signal 
la  then  amplified  and  sent  to  another  amplifier  clipper*    Again  the 
signal  1$  clipped  and  sent  to  the  power  amplifier.    The  output  from  the 
power  amplifier  la  fed  to  the  control  phase  of  tha  indicator  "twvomotor* 

For  each  statement^  circle  the  letter  preceding  the  correct 
response* 

1.     The  error  signal  Induced  into  the  rotor  of  the  pilot's  CT 
la  sent  directly  to 

a*  the  power  aupply* 

b*  an  amplifier  clipper* 

c*  the  power  amplifier* 

d*  the  aervomotor* 

2*     The  error  signal  sent  to  the  fuel  flow  converter  channel 
board  is  clipped  and 

a*     converted  to  a  square  wave  DC  signal* 
b*     amplified^  clipped  and  increased  in  power, 
c*     amplified  to  a  aquata  wave  DC  signal* 
d.     converted  to  smooth  400  Hertz  AC  signal* 


Answers  to  Frame  17:    1*    ^  A 
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Frame  19 


When  the  control  phase  of  the  servomotor  is  energized^  the  motor 
starts  to  run.    As  the  motor  runs^  the  gear  train  In  the  Indicator 
positions  the  tape.    At  the  same  time  It  turns  the  rotor  of  the  CX 
toward  the  NULL  position.    The  motor  drives  the  gear  train  until  the 
rotor  of  the  CT  id  moved  perpendicular  to  the  resultant  magnetic 
field.    At  this  tliK^  the  rotor  la  NULLED  and  the  error  signal  to  the 
amplifier  clipper  Is  NULLED  out.    This  causes  the  Indicator  motor  to 
stop.    The  tape  has  now  moved  just  enough  to  remove  the  word  OFF  from 
vlev.    The  indicator  now  appears  blank  except  for  the  calibrated  scale « 
See  figure  14. 

Circle  the  letter  preceding  the  correct  response « 

1.     The  nulling  signal  to  amplifier  clipper  Is  sent  out  the 


a. 
b. 


d. 


c. 


transmitter, 
control  transformer » 
power  supply, 
servomotor. 


Answers  to  Frame  18:    1.  b 


2. 


b 
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V 


Frame  20 

When  an  engine  is  started^  fuel  starts  to  flw  through  the  trans- 
altter«    When  fuel  flovs  through  the  traii3mltter>  the  rotor  of  the 
transQltter  TX  Is  moved  proportionately  to  the  rate  of  flot/  increase 
through  the  transmitter*    Since  the  rotor  of  the  transmitter  (TX)  has 
moved*  the  stators  of  the  TX  now  have  different  voltages  induced* 
Since  the  stators  of  the  Indicator  (Ct)  are  directly  connected  to  the 
stators  of  the  TX*  this  change  In  stator  voltage  Is  felt  on  thr  statora 
of  the  CT*    Now  the  rotor  of  the  Ct  Is  no  longer  nulled  and  on  error 
signal  Is  Induced  Into  the  rotor  of  the  Ct* 

Circle  the  letter  of  the  correct  response* 

1*     The  voltage  from  the  transmitter  Is  felt  on  the 

a*  aervoootor* 

h*  amplifier  clipper* 

c*  control  transformer  stators* 

d*  transmitter  motor* 


Answer  to  Frame  19:  1* 


M38 
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Frame  21 


The  error  algnal  from  the  rotor  of  the  CT  Is  applied  to  the 
circuits  of  the  amplifier  clipper*    The  clipped  algnal  Is  then 
amplified  and  sent  to  another  amplifier  clipper.    Again  the  signal 
Id  clipped  and  supplied  to  the  pover  amplifier.    The  output  from 
the  power  amplifier  Is  fed  to  the  control  phase  of  the  Indicator 
servomotor*    See  figure  14« 

Circle  the  letter  preceding  the  correct  response. 

1.     The  error  signal  from  the  control  transformer  synchro  Is 


sent  to 

a«     the  transmitter  motor* 
b«     the  servomotor* 
c«     an  amplifier  clipper. 
d«     the  transmitter  synchro. 


Answer  to  Frame  20 t    1.  c 
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Frame  22 


When  the  concrol  phase  of  the  servomotor  la  energized^  the  servomotor 
starts  to  'run*    As  the  motor  rons^  the  gear  train  In  the  Indicator  posi- 
tions the  tape  upscale  and  at  the  same  time  turns  the  rotor  of  the  CT 
toward  the  NULL  position.    The  motor  continues  to  run  until  the  rotor 
o£  the  CT  Is  moved  perpendicular  to  the  resultant  magnetic  field.  At 
this  clrne^  the  rotor  Is  at  the  KULL  position  and  no  error  signal  exists 
and  the  motor  stops.    The  cape  has  been  positioned  to  shov  the  amount 
of  fuel  flw  to  the  engines  In  pounds  per  hour  (PFH)* 

Complete  the  following  statement  by  circling  the  letter  preceding 
the  correct  response. 

X.     The  gear  train  shown  by  the  dotted  line  in  the  pllot^s 
indicator  moves  the 


a. 
b. 


c. 


servomotor, 
moveable  tape, 
transmitter  synchro. 


Answer  to  Frame  21 


;    1«  c 


1  i4>) 


Ion 

Frame  23 


If  fuel  flow  through  the  transmitter  decreasea i  a  signal  Induced 
opposite  the  phasing  that  causes  the  servomotor  to  drive  upacale,  Thla 
signal  la  Induced  into  the  rotor  of  the  Indicator  (CT).    The  servomotor 
rung  in  the  oppo»l .    direction  and  allows  the  spring  to  position  the 
tape  down  scale  ana  indicate  a  new  amount  of  fuel  flow. 

Complete  the  following  gtatamant  by  circling  the  letter  preceding 
the  correct  response* 

1.     Xh^i  spring  aids  the  motor  In 

a*     moving  the  tape  upscale, 
b.     moving  the  tape  down  scale* 
keeping  the  tape  stationary. 


Answer  to  Frame  22;    1*  b 


67 

\.  141 


lout 

1.  lodcjJ  to  th.  t.J.  dro.  1,  ^.  dl»otl«  o£ 

tap.  dUM  hoMlns.  ^rttisloii  on  the  spring  is  Increased, 

the  arro.  by  the  jeer  t»«in.  th«  "nsl»  on  cne^  ^  ^ 

power  to  th«  sy-tem  fi|;^%"rtt«  In  the  opposite  directi^. 
Tar.  SrwtrSpF  appears  at  the.  top  of  the  indicator. 


Conr-re  the  foUowins  state»„t  hy  circUn.  the  letter  precedins 
the  cone-  tesponae* 

1      V  e  unit  la  the  indicator  that  returns  the  tape  to  OFF 
:;iLl^ve  IS  a  loss  of  power  la  the 

a*     synchro  motor. 

AC  motor* 
c»     spiral  spring* 
4^  sarvomotor* 


Answer  to  Frame  23:    1.  ^ 
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1:4  VA^ 


400  HZ 


1044 


1=143 


/oat 

Section  D 

Fraina  1 

Th«  vertical  scale  engine  pressure  ratio  Indicating  system  provld 
the  pilot  and  flight  engineer  vlth  Indications  of  the  engine  pressure 
ratio  <BPR)  on  FOUR  t'<pes*    This  V/S  EPR  Indicating  system  consists 
of  the  englne*mounted,  signal  producing  units  (transducer)  as  shown 
in  figure  1  and  the  vertical  scale  Indicators  as  shown  in  figure  2. 


Figure  2* 
HO  BESFOHSE  REQUIRED 
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The  EFR  transducer  used  In  the  vertical  scale  eagine  pressure  I 
ratio  indicating  system  id  similar  in  coastructiou  to  the  ones  you 
studied  in  an  earlier  programmed  text;  see  figure  3  (Air  Research) 
and  figure  4  (Kinneapolid^-Honeywell)  *    The  operating  voltage^  113V  AC 
400-*tIz  siagle**phase  of  the  £PR  system  is  sensed  by  ati  hC  filter  and 
bridge  network  In  the  transducer*    The  transducer  is  to  provide 

a  synchro  slgaal  output  to  operate  the  EPR  indicator* 


Figure  3*  Figure  4^ 


Circle  the  letter  of  the  cottect  answer* 

It      The  operating  voltage  tequired  for  the  V/S  EPR  indicator 
system  is 

a*  28V  DC* 

b*  IISV  AC  dO-'Hz  slngl&-phase* 

c*  IISV  AC  400-Hz  single^phase » 

dt  1157  AC  400-H2  three-phase* 


Ion 

Fraott  3 


Th6  EPR  Indicator  is  constructed  slightly  different  from  the  V/s 
indicators  we  have  discussed  up  to  this  time* 

Uttlik*  tha  othar  V/S  systams*  tha  V/S  EPR  system  does  not  usa  the 
conv«rtar«    The  signals  from  the  transducer  ara  supplieTTlrectly  to 
the  EPR  indicator  <aae  figure  5).    INPUTS  to  the  transducer  are  PT^ 

from  EH6XME  EXHAUST  and  PT^  from  ENGINE  tNLEX  pressures . 


Figure  5* 


1047 


72 


Frame  3  (Continued) 

Rafer  to  figure  5  to  answer  the  following  questions*    Circle  the 
letters  of  the  correct  statemantSi 

1*     The  synchro  In  the  transducer  Is  connected  to  the  indicator 
synchros  by 

a*     electrical  wiring*  I 

b*     a  nMchanlcal  linkage* 

c*     an  electromagnetic  connection* 

2«     The  electrical  signal  sent  to  the  EPR  Indicator  ±b  from  the 
transducer* s 

a*  servomotor* 
b*  synchro* 
c*     amplifier • 


Answer  to  Frame  2:    1*  c 


Mr 

Frame  4 

The  EPR  Inacator  (see  figure  6)  con  tains  four  complete  ser'/oloops, 
One  servoloop  operates  each  Indicating  tape.    Each  servoloop  consists 
of  a  control  transformer  (synchro),  aaiplifier.  servomotor,  rate  gen- 
erator, power  supply  and  gear  train»    See  figure  7  P^jf  *  J^'* 
gear  train  drives  the  rate  generator,  the  rotor  of  the  synchro  and 
^positions  the  indicating  tape.    As  the  gear  train  turns  the  rotor, 
"e  synchro  is  moved  to  nuU  out  the  signal  from  the  EPR  transducer. 


f  ^  \ 


-1*- 


-ro- 


12 

® 


34 

® 


Figure  6* 

Circle  the  letter  of  the  correct  statement  below. 

1*     The  rotor  of  the  control  transformer 

a*  drives  the  motor* 

b*  positions  the  tape- 

c*  drives  the  amplifier* 

d.  nuUs  out  the  signal  from  the  EPR  transducer, 


Answers  to  Frame  3t    1*  a 
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Frame  5 

A  eyplcaX  EPR  indicator  has  a  range  of  1.0  to  2*3  units  of  EPR. 
The  Indicator  la  calibrated  ao  that  each  Increoent  represents  0*OS 
units  of  EPR*    Sea  flgura  8%    The  indicator  la  used  to  shw  the  units 
of  EPR  during  engine  operation* 


-1.4- 


]2 


34 

0. 


Figure  8< 


Circle  the  letter  of  the  correct  statement. 

1*      The  EPR  indicator  la  used  to  ahc^^ 

a*  BPH  In  percent, 

b*  EPR  unita* 

c*  temperature  In  degreea  Celslus% 

d*  fuel  tlo^  in  pounds  per  hour* 


Answer  to  Frame  4f    1.  d 


10 
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mi 

Frame  6 


The  EPR  Indicating  system  for  each  engine  consists  of  two  Inde^ 
pendenc  servoloops*    One  3ervoloop>  located  In  the  transducer^  senses 
the  pressure  ratio  and  positions  the  rotor  of  a  synchro  unit*  The 
other  servoloops  located  In  the  Indicator^  receives  the  synchro  signal 
from  the  CPR  transducer  and  positions  the  indicating  tape  to  show  the 
EPR*    Figure  9  shows  a  block  diagram  of  the  EFR  Indicating  system  for 
one  engine*    The  EPR  systems  for  the  other  engines  operate  Identically* 


f  llOrS  INDlCATOt 


SEtVO. 
MOTOt 


Figure  9* 

Circle  the  letters  of  the  correct  answers. 

1*     The  EPR  transducer  contains 

a^  one  servoloops 

b*  two  servoloops s 

c*  three  servoloops* 

d*  four  servoloops* 
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Fraioe  6  (Continued) 

2.  Tha  indicator  (fot  one  engine)  contains 

a*  one  aervoloop^ 

b.  two  sarvoloops. 

c.  thraa  sairvoloopa* 
d*  four  servoloopa* 

3.  The  operation  of  the  vertical  scale  EPR  system  Is  based  on  a 

a^  servoloop  circuits 

b.  potentlometsr  feedback  clrctilt. 

c«  capacitance  feedback  clrctilt. 

d^  reslatance  feedback  clrctilt^ 


mi 


Answer  to  Frame  5: 


78 


Figure  10, 
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Frame  7 


Notice  in  figure  10  that  il5V  AC»  400  Hert3>  slngle-phaae,  is 
applied  to  the  power  supply  of  the  tratisducer*    Also  to  the  fisced 
phase  of  the  transducer  servomotor  and  dyochro  rotor  and  the  signal 
sensing  circuit  (T3)*    The  power  supply  furnishes  DC  operating  voltages 
to  the  transducer  amplifier.    The  115V  AC*  400  Hertz»  single  phase*  is 
also  applied  to  the  pilot*s  and  flight  engineer's  indicators. 

Circle  the  letter  oi  the  correct  answer. 

1.     The  voltage  requirement  for  the  engine  pressure  ratio  system  is 


a» 


26V  AC«  400  Bartz»  sinsle^phase. 
115V  AC«  60  Bert2,  single-^phase. 
115V  AC»  400  Hertz>  single-phase* 
ll^SV  AC«  400  Hertzi  three-phase* 


Answers  to  Prame  6:    1*    it     2*  ^ 


i057 


/o3t 

Frame  8 


The  tape  Is  mechanically  positioned  by  the  gear  train  and  two 
tape  drutas.    The  tape  threading  route  and  the  tape  drttos  are  shown  In 
figure  11«    When  the  gear  train  Is  moved  by  the  servomotor,  the  tape 
dnim  rotates  in  the  direction  shovn  by  the  arrow  on  its  side*  The 
small  tape  take-*up  drum  is  turned  at  the  same  time  in  the  direction 
shovn  by  the  arrow  on  its  slde«    When  the  drums  rotate,  the  tape  Is 
moved  In  the  direction  shown  by  the  arrows  near  the  tape*  Notice 
In  figure  11  that  the  face  of  the  Indicator  shows  the  tapes  for  all 
four  engines* 


Figure  11. 

Refer  to  figure  11  to  answer  the  following  ({uestion*  Circle  the 
letter  of  the  correct  3tatement4 

I4     The  pulleys  and  tape  threading  diagram  is  for  tape  number 


a« 
b. 
c« 
d. 


1. 

3. 
4. 


Answer  to  Frame  7:    1*  c 


Frame  9 


There  Is  a  spiral  spring  located  Inside  the  tape  drum.    One  end 
of  the  spring  Id  locked  to  the  tape  drum  shaft  and  the  other  end  is 
locked  t:o  the  tape  drum  houslngi'  When  the  tape  dnim  Is  rotated  by  the 
gear  traln»  the  tension  on  the  spiral  spring  Is  Increased,    Whep  power 
to  the  system  fails^  the  tension  of  the  spiral  spring  causes  the  gear 
train  and  the  tape  drums  to  rotate  in  the  opposite  direction.    The  tape 
moves  opposite  the  direction  of  the  arrows  shown  in  figure  12  until 
the  word  OFl?  appears  at  the  top  of  the  Indicator, 


Circle  the  better  of  the  correct  statement. 


1,     The  unit  that  returns  the  indicator  tape  to  OFF  aue  to  loss 
of  power  is  the 

a,  spiral  spring, 

bt  DC  motor* 

c,  servomotor, 

d,  gear  train* 


Answer  to  Frame  8:    1*  b 
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/o33 

Fraske  10 


The  indicators  are  arranged  ao  that  when  no  pu^rex  is  applied  to 
the  aystenif  the  spiral  spring  moves  the  gear  train  backvard^  caubing 
the  word  OW  to  appear  at  the  top  of  the  indicator.    At  the  aame  time* 
tha  rotor  of  the  indicator  aynchro  ia  turned  a  little  past  null. 

Clxcla  the  latter  of  the  correct  statement. 

1*     The  unit  that  turns  the  synchro  rotor  past  null  is  the 


a* 


servo&iotor* 

spring. 

aioplifier* 


Answer  to  Frame  9: 


1. 


a 
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iOGO 


Fraina  11 

Uhea  pat/er  is  applied  to  the  system^  a  voltage  Is  Induced  Into  the 
stators  of  the  synchro  tn  the  transducer*    Hotlce  in  figure  13  that  the 
stators  of  the  synchro  In  the  transducer  are  directly  connected  to  the 
stators  of  the  synchros  In  the  pilot's  and  flight  engineer's  EFR 
Indicators^  thus  forming  a  serroloop*    From  this  point*  the  pilot's 
and  flight  engineer*s  systems  operate  identically*  so  you  will  study 
about  just  one  system^- 


PILOTS  INtMCATOt 


EftTMHSDUCH 


Figure 
HO  HESPOKSE  .SQUIBED 


Answer  to  IPrane  10:  1* 


mi 
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rrane  12 


The  voltage  that  Is  Induced  Into  the  transducer  synchro  stators 
Is  transferred  Co  the  stators  of  the  synchro  in  the  Indicator*  Because 
the  rotor  of  the  Indicator  synchro  Is  not  at  null»  an  error  signal  Is 
Induced  into  the  rotor*    The  error  signal  from  the  rotor  Is  fed  to  the 
Indicator  aiopUflar*    The  signal  Is  an^lified  and  applied  to  the  control 
phase  winding  of  tiie  Indicator  servomotor*  .  The  servomotor  has  a  rate 
generator  attached  to  lt»  so  that  when  the  motor  nms»  the  rate 
generator  runs*    See  figure  lA* 

Circle  the  letter  of  the  correct  answer* 

1*     The  amplified  signal  directly  drives  the 

a*  aervomotor* 
b*     rate  generator* 
c*     indicator  synchro* 


'-062 


mi 

Frame  13 


When  the  control  phase  winding  of  the  indicator  servomotor  id 
energized^  the  motor  starts  to  drive*    As  the  servomotor  drlvesi  the 
rate  generator^  movable  tape^  and  the  rotor  of  the  Indicator  synchro 
are  all  moved  by  the  gear  train*    The  rotor  o£  the  Indicator  synchro 
is  moved  toward  NUUii    The  servomotor  continues  to  drive  until  the 
rotor  of  the  Indicator  synchro  is  perpendicular  to  the  stator*s  magnetic 
field*    At  this  tlme^  the  indicator  servomotor  stops  because  the  rotor 
of  the  indicator  synchro  has  nulled  out  the  error  signal  that  was 
induced  by  the  transducer  synchro*    The  tape  is  moved  far  enough  to 
remove  the  word  OFF  from  view  and  the  Indicator  i3  blank  except  for 
the  calibrated  scale.    See  figure  15|  number  1  engine  tape. 


Figure  15* 

Circle  the  letter' of  the  correct  statement. 

1.     The  vertical,  scale  tape  is  moved  by  the 

a*      gear  train. 

b«     rate  generator. 

Ct     rotor  of  the  synchro* 


Answer  to  Frame  12;    1*  a 


87 

loss 


Frame  14 


The  rate  generator  in  the  EPR  vertical  scale  Indicator  is  driven 
by  the  servomotor*    the  rate  generator  is  used  as  a  signal  damping 
device  to  prevent  oscillation  and  overtravel  of  the  servomotor  and 
Indicator  tape  during  operation*    To  perform  the  damping  action*  the 
rate  generator  develops  a  vol  .age  in  opposition  to  the  original  input 
signal  to  the  servoamplifier*    See  figure  16* 


Figure  16* 

Circle  the  letter  of  the  correct  statement* 


1*     The  unit  that  directly  prevents  the  oscillation  and 

overtravel  of  the  servomotor  and  indicator  tape  during 
, operation  is  the 


a*  rotor* 

amplifier* 
c*      rate  generator^ 
d*     control  transformer* 


Answer  to  Frame  13 s    1*  a 
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Frame  15 


As  the  eaglne  is  started,  a  pressure  ratio  between  the  engine 
Inlet  pressure  and  the  engine  exhaust  pressure  is  sensed  by  the  dual 
bellows  (P^    and      )  in  the  transducer*    The  F^    bellows  is  connected 

to  the  engine  Inlet  (ram  air  pressure)  probe*    This  probe  is  located 
on  the  top  Inboard  side  o£  the  engine  pylon  as  shown  in  figure  17* 
The  F     bellows  la  connected  to  the  six  engine  exhaust  gas  pressure 
^7 

sensing  probes.    These  probes  are  located  around  the  etsine  discharge 
passage  as  shown  In  figure  18. 

Circle  the  letters  o£  the  correct  statements* 

1.     The  F     probe  senses  Intake  air  pressure  and 


2. 


b. 


a. 


The 


b. 


c. 


a. 


sends  an  electrical  signal  to  the  F  bellows* 

Is  connected  to  the  F  bellows. 

^7 

Is  connected  to  the  F  bellows* 

sends  an  electrical  signal  to  the  F  bellows* 

^^7 

F     probe  senses  exhaust  gas  pressure  and 
^7 

Is  connected  to  the  F^  bellows. 

^0 

is  connected  to  the  F  bellows. 


d. 


c. 


sendi.  an  electrical  signal  to  the  F  bellows* 

sends  an  electrical  signal  to  the  F  bellows* 

^^7 


PKESSURE  rN 


^ftOse 


PRESSURE  OUT 


Figure  17* 


agios'? 


Frame  IS  (Coatlnuad) 


Answer  to  Prcwa  l^s 
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loHl 

Frame  16 

FIVE  ?rLL'r"  "  "  "  "  --"  the  „e« 

"gurrig.  '        °*        transducot  serrcraotor.  See 

OircU  the  letters  o£  the  correct  statements  belo». 

^"     Sr  STT'  °'        movable  verlabl.  reluctance  core  i„  the 
transducer  unbalancaa  the 

synchro. 

b.  servomotor* 

c.  rectifier  bridge  circuit. 
d»      Inductive  bridge. 

^'  ^  ^"""^        ^^^^^^^  raluctance  bridge  ia 

ampiifiad  and  sent  to  the 

a*  synchro, 

h.  rectifier  bridge  circuit. 

c.  variable  phase  of  the  servomotor* 

d.  flsad  phase  of  the  servomotor.  ■ 


Answers  to  Frame  15:    1.    c     2.  b 


Frame  17 


As  the  setvomotor  drives^  a  gear  train  positions  the  rotor  ox  the 
tranaducer  synchro*    At  the  same  time  It  moves  the  variable  reluctance 
core  of  the  signal  sensor*    The  motor  continues  to  drive  until  the 
variable  reluctance  core  la  moved  down  far  enough  to  rebalance  the 
Inductive  bridge  circuit  of  the  signal  sensor*    When  the  Inductive 
bridge  circuit  Is  balanced^  an  error  signal  Is  no  longer  sent  to  the 
amplifier  and  the  servomotor  stops*    The  principle  of  operation  of 
the  EPR  transducer  Is  based  on  the  use  of  a  variable  reluctance  coll« 

Refer  to  figure  20  to  answer  the  following  questions*  Circle 
the  letters  of  the  correct  statements* 

1*     The  variable  reluctance  core  Is  moved  doim  by  the 

a«  synchro « 
b«  bellows* 
c«  servomotor* 

2*     The  vertical  scale  EPR  transducer  uses  a 

a«  resistance  reactance  circuit* 

b«  variable  reluctance  coll« 

c«  capacitance  reactance  circuit* 

dt  servo  driven  potentiometer  circuit* 


Answers  to  Frame  16i    1«    d     2*  c 


92 


m3 

Frame  IS 


At  this  time*  the  rotor  of  the  indicator  synchro  is  no  longer  null* 
The  movement  o£  the  rotor  in  the  transducer  synchro  changed  the  induced 
voltage  in  the  stators*    Since  the  stators  of  the  two  synchros  are 
directly  connected,  this  voltage  change  is  also  felt  in  the  stators 
of  the  indicator  synchros*    Because  of  the  voltage  change  in  the 
stators »  an  error  signal  Is  induced  into  the  rotor  of  the  indicator 
synchro* 

Circle  the  letter  of  the  correct  statement* 

1*     The  error  signal  is  induced  into  the  stators  of  the  indicator 


synchro  through 

a*  magnetic  attraction* 

b*  magnetic  repulsion* 

c*  electrical  wiring* 

d*  macbanlcal  linkage* 


Answers  to  Frame  17t  1* 


c  .  2*  b 


Fraioe  19 


The  signal  induced  into  the  rotor  is  applied  to  the  indlcatc^r 
ampllflert    The  signal  is  amplified  and  is  sent  to  the  control  phase 
of  the  servomotor*    As  the  motor  drives,  the  tape  is  positioned  u£, 
scale  to  show  tha  Increase  in  EPR  and  the  rotor  of  the  synchro  is 
turned  toward  HULL*    At  the  same  tiine^  the  rate  generator  is  being 
driven  by  tha  servomotor*    The  rate  generator  develops  a  voltage  in 
opposition  to  the  original  input  signal  to  the  dervo^amplifler*  This 
oppoaition  voltage  is  used  as  a  damping  voltage  to  prevent  oscillation 
of  the  servomotor  and  overtravel  of  the  tape* 

'    Circle  the  letter  of  the  correct  statement* 

1*     The  rate  generator  is  used  to 

a*  drive  the  synchro  rotor* 

b*  drive  the  servamotort 

c*  move  the  tape  upscale* 

dt  develop  a  damping  voltage* 
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Frame  20 


The  Indicator  darvoiaotor  continues  to  drive  until  the  Indicator 
synchro  rotor  reaches  the  NULL  position.    When  the  synchro  rotor 
reaches  HULL  position*  the  error  slgjial  Is  NO  longer  applied  to  the 
dervo-aoq>llfler  and  the  servontotor  stops  running.    At  this  time*  the 
indicator  tape  Indicates  the  NKlf  EPR  reading* 


NO  RESFOHSE  REQUIRED 


Answer  to  Frame  19 


d 


Frame  21 


l£  Che  EFR  o£  the  engine  decreaaeSt  the  same  sequence  of  evencs 
Cakes  place.    However*  the  phasing  or  AIL  of  the  signals  is  opposite 
those  for  an  increase  In  EFR*    Consequently*  the  motor  drives  in  the 
opposite  direction  and  the  spring  in  the  EPK  indicator  winds  the  tape 
down  scale*    Therefore*  we  can  say  that  the  purpose  of  the  EFR  system 
is  to  measure  the  ratio  of  pressure  between  the  engine  inlet  air 
pressure  and  the  engine  exhaust  gas  pressure.    You  should  have  noticed 
that  this  is  Che  only  vertical  scale  engine  Instrumenc  system  studies 
that  did  MOT  use  the  converter* 

Circle  Che  lettevs  of  the  correct  answers, 

1,  The  purpose  of  che  engine  pressure  ratio  system  is  to 
measure  the  ratio  between  the  inlet  air 

a,  temperature  and  exhaust  gas  temperature, 

h*  pressure  and  eadiaust  gas  temperature, 

c,  pressure  and  esduust  gas  pressure* 

d*  cemperature  and  exhaust  gas  pressure* 

2,  The  vertical  scale  engine  instrument  system  thac  does  HOT 
use  the  converter  is  the 

a,  tachometer  indicator  system, 

b,  fuel  flow  Indicator  syscem, 

c*     engine  pressure  ratio  Indicator  system, 
d«     exhaust  gas  temperature  indicator  system* 


Answers  to  Frame  21;    1*    c     2«  c 
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INSPECTION,  OPERATIONAL  CHECK,  TROUBtESHOOTINO  AND 
BENCH  CHECK  OF 
VERTICAL  ENGINE  INJ^TRUMENT  SYSTEM 

SPECIAL  INSTRUCTIONS 

This  workbook  Is  x^ritten  In  TWO  sectloos*    The  first  section  covers 
the  InspectloHt  Operational  Check  and  Troubleshooting  of  the  Vertical  Scale 
Engine  Instrument  System*    The  second  part  covers  Bench  Check  of  the  Engine 
InstrtMont  System  Converter* 

OBJECTIVES 

Given  a  workbook,  tools,  test  equipment  and  trainer,  perform  an 
Inspection  and  operational  check  of  Vertical  Scale  Engine  Instruments 
with  an  accuracy  of  100%  correct  workbook  responses* 

Given  a  workbook,  test  equipment,  and  trainer,  troubleshoot  Vertical 
Scale  Engine  Instruments  with  an  accuracy  of  80%  correct  workbook  responses* 

Given  a  workbook,  test  equipment »  and  trainer^  bench  check  components 
of  Vertical  Scale  Engine  Instruments  with  an  accuracy  of  100%  correct 
workbook  responses. 

SECTION  A 

EQUIPMENT 

Vertical  Scale  Engine  Instrument  Trainer 
Multimeter 
Jet  CaX  Tester 

Pneumatic  Tester  Part  #268000 
Wrench  (3/8  x  9/16) 

PROCEDURE 

Remove  all  jewelry  before  Inspecting,  performing  the  operational 
cheeky  and  troubleshooting*    Use  extreme  caution  when  using  the  Jet  Cai 
Tester »  as  the  heaters  and  the  thermocouples  get  extremely  hot*  Be 
careful  when  removing  or  connecting  the  heater  probes  to  the  thermocouples 
as  they  are  easily  damaged.    Do  MOT  damage  any  of  the  test  equipment  or 
trainer. 


Baals  of  Issue 
1/2  students 
l/student 
1/2  students 
1/2  students 
1/2  students 


Supersedes  3ABR32531-WB-2U,  30  April  1975;  3ABR32531-WB-21U, 

3  September  1974,  which  may  be  used  until  existing  stocks  are  exhausted, 

OPR:    3360  TTO 

DISTRIBUTION:  X 
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Part  1.    VISUAL  INSPECTION 


1*    Visually  inspect  the  EGT  Indicator  for  the  following  conditions  by 
placing  a  checkmark  (/)  on  the  proper  blanks. 


Satisfactory  Unsatisfactory 


a.  Security  of  tnounting. 

b.  Cracked  or  loose  glass. 

c*  Condition  of  fluorescent  markings, 

d.  All  four  OFF  flags  are  visible. 


2.    Visually  inspect  the  Fuel  Flow  Indicator  for  the  following  conditions. 

a*     Security  of  tnounting.     

b*     Cracked  or  loose  glass  +   

c.  Condition  of  fluorescent  markings.     

d.  All  four  OFF  flags  are  visible.     


3^.    Visually  inspect  the  N-1  and  N-2  Tachometer  liidicators  for  the  following 
conditions. 


N-1  N-2 


N-1  N-2 


a.  Security  of  mounting. 

b.  Cracked  or  loose  glass. 

c.  Condition  of  fluorescent  markings. 

d.  All  four  OFF  flags  are  visible. 


4.    Visually  inspect  the  EPR  indicator  for  the  following  condition. 

a.  Security  of  nwunting.     

b.  Cracked  or  looue  glass.   

c.  Condition  of  fluorescent  markings*   

d.  All  four  OFF  flags  are  visible.     


5*    Visually  Inspect  the  circuit  breakers  for  the  following  conditions. 

Satisfactory  Unsatisfactory 

a.     Broken  circuit  breakers.     

b*     Positive  push-pull  action*     


6.    Visually  inspect  the  E6T|  N-1  and  N-2  indicators  for  range  markings, 
a.  EGT 


b.  K-1 


c. 


Part  2.    OPEBATIOKAL  CHECK 

Note;  Connect  Jet  Cal  Tester  and  install  heater  probers  on  r.\ie  thertjocouples . 
Do  MOT  heat  the  thermocouples  at  this  time* 

Perform  an  operational  check  of  the  Vertical  Scale  Engine  Instrument  System. 
Place  a  checkmark  (/)  on  the  proper  blank.  ' 

1.  Make  sure  all  the  trouble  switches  are  to  the  OUT  position. 

2.  Hake  sure  all  circuit  breakers  are  pulled  OUT. 

3.  Make  sure  the  28  VDC  power  switch  and  the  115  VAC  400  K2  power  switches 
are  to  the  OFF  position  on  the  AC/DC  power  panel. 

4.  Connect  the  trainer  power  cords  to  the  28  VDC  outlet  and  the  115  VAC 
400  Hz  outlet. 

5.  Puah  the  28  VDC  circuit  breaker  and  the  115  VAC  400  H2  circuit  breaker 
to  tha  231  position  on  the  main  AC/dc  power  panel. 

6.  Place  the  28  VDC  power  switch  and  the  115  VAC  400  H2  power  switch  to 
the  ON  position  on  the  main  AC/DC  power  panel.    Raise  and  lock  wiring 
diagram  shelf  on  trainer. 

a.  The  28  VDC  power  lamp  glows  *  does  not  glow  . 

b.  The  115  VAC  400  Hz  power  lamp  glows  »  does  pot  glow  . 

7.  Push  all  circuit  breakers  to  the  IN  position. 

a.     All  ifl  engine  OFF  flags  are  removed  from  view  <  are  not 

removed  from  view  . 

8.  Refer  to  the  instructions  in  the  lid  of  th's  ^et  Cal  Tester  and  heat 
the  four  thermocouples  to  500  degrees  Centigrade  using  the  degrees  centi* 
grade  scale  on  the  Jet  Cal  Tester. 

Note:    Maintain  the  500  degrees  Centigrade  setting  for  operational 
checks  and  troubleshooting. 

a.     The  #1  engine  EGT  indicator  Indicates  an  Increase  in  temperature 

^  ^  J  decrease  in  temperature  »  no  change  In 

temperature. 

10S2 


9.  Rotate  the  N-1  Tachomecei  Generator  control  cloclo^ise  to  read  30%  rpm 
on  the  Indicator. 

a.     The  #1  engine  K-1  Tachometer  indicates  an  increase  in  RPM 
decrease  in  RPM  ,  no  change  in  RPM  . 

10«  Rotate  the  H-2  Tachometer  Generator  control  cloclo^ise  to  read  50%  RPM 
on  the  indicator « 

a.     The  #1  engine  K-2  Tachometer  indicates  an  increase  in  RPM  , 
decrease  in  RPM  ,  no  change  in  RPM  « 

11.    Advance  the  Fuel  Plow  lever  to  read  10,000  PPH  on  the  indicator. 

a.     The  j^l  engine  fuel  flow  indicator  indicates  an  increase  in  fuel 

^^^"^  *  decrease  in  fuel  flow  ,  no  change  in  fuel 

flow  « 

12«    Connect  the  Pneumatic  Tester  to  P  7  port  on  trainer.    Close  all  valves 
(clockwise)  on  the  Pneumatic  Tester«    using  the  pressure  pump^  increase 
pressure  until  the  pressure  indicator  reads  34  psi«    Open  valve  H  until 
the  Machmeter  reads  1.0  Mach,  then  close  M  valve«  J 

Note:    Maintain  1«0  Mach  for  operational  check  ana  troubleshooting* 

a.     The  ^1  engine  EPR  indicator  indicates  an  increase  in  EPR  , 
decrease  in  EPR  ,  no  change  in  EPR  * 


Part  3<  TROUBLESHOOTING 

1.  Using  the  trouble  sxd.t:ches  listed  in  the  following  chart,  perform  an 
operational  check  and  fill  in  the  blanks  with  the  correct  information^ 

Note;    01  trouble  is  an  EXAMPLE* 

2,  Move  ifl  trouble  switch  to  the  IN  position. 

3.  Watch  ALL  indicators  for  indication  of  trouble. 

4,  Record  indication  on  Chart  1« 

5«    Place  trouble  switch  ifl  to  the  OUT  position^    Repeat  procedures  on 
trouble  switches  2  thru  17. 
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Trouble 
Switch  It 

IndicEtlon  of  tiroublB 
on  ifl  engines 

1 

Fuel  Flow  OFF  flag  shows* 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

17 

Chart  1 

Check  with  instructor  before  removing  power* 

6*   After  recording  indication  for  trouble  switch  #17»  place  trouble 
switch  ^17  to  the  OUT  position* 

7*    Bleed  the  pressure  OFF  the  pneumatic  tester  by  opening  valves  3,  4, 
and  5*    Disconnect  the  hose  from  the  transducer  connection*    Stow  the  hose 
in  the  tester*    Close  and  latch  the  lid  on  the  tester* 

Note;    Replace  cover  cap  on  EPR  transducer  connector* 

8*    Retard  fuel  flow  control  (throttle)* 

9*    Turn  the  N-1  and  N-2  tachometer  control  Icnobs  fully  counterclockwise* 

10*    Place  switch  S-1  on  Jet  Cal  Tester  to  OFF  position* 

6 
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11.    Disconnect  Jet  Cal  power  cable  and  stow  in  bottom  of  tester* 

12+    Disconnect  heater  cable  from  tester  and  junction  box  and  stow  in 
bottom  of  tester. 

13t    Disconnect  heater  probe  leads  from  junction  box* 

14.    Remove  heater  probes  from  thermocouples  and  stow  in  special  slots 
in  top  compertment  of  tester*    Jimction  box  is  to  be  stowed  in  this 
compartment. 

Note:    Be  careful  not  to  get  burned  or  damage  the  heater  probes 
and  thermocouples. 

15*    Pull  ALL  circuit  breakers  and  place  the  two  trainer  power  switches 
to  the  OFF  position* 

16*    Disconnect  the  28  VDC  and  the  115  VAC  400       power  leads  and  secure 
on  back  of  trainer* 

17.  Obtain  e  multimeter  and  leads  for  troubleshooting. 

Note;    Trouble  ^i^l  is  an  example  of  how  the  following  Chart  2  is  to 
be  filled  out*    A  trouble  switch  has  to  be  to  the  IN  position  before 
you  can  find  your  trouble*    When  you  have  found  your  trouble^  be 
sure  to  turn  that  switch  to  the  OUT  position  before  proceeding  to 
the  next  trouble*    Do  NOT  flip  trouble  switches  ON  and  OFF  during 
troubleshooting*    Your  imiltimeter  should  be  relied  on  to  Indicete 
when  you  have  found  the  trouble* 

18.  Electrical  connector  plugs  are  not  disconnected  on  the  trainer^  so 
this  is  en  example  of  CLOSED  CIRCUIT  troubleshooting*    In  most  cases^  an 
OPEN  will  feed  beck  through  other  wires  in  the  circuity  and  e  high  resistance 
indication  will  be  read.    Proceed  with  your  troubleshooting. 

Note:    You  cannot  check  for  shorts  or  crossed  wires. 


Trouble           Location  o£  Trouble 
Switch  It          Wire  Number 

Kind  o£  Trouble 
OPEN 

High 

Resistance 

1  1E500A20 
1E500B20 

/ 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

17 

Chart  2 


19*    Check  croublds  with  tastructor* 

20*    When  you  have  £lnldhed|  put  your  luater  and  leads  back  In  the  meter 
cabinet* 

21*  Turn  ALL  trouble  switches  to  the  OUT  position  and  lower  wiring  diagram 
dhelf  on  trainer* 

INSTRUCTOR'S  INITIALS   


SECTION  8 

BESCH  CHECK  OF  THE  VERTICAL  SCALE  ENGINE 
IHSTRUMENT  SYSTEM  CONVERTER 

EQUIPMENT 

Baals  of  Issue 

Engine  Instrument  System  Connrertsr  1/2  students 

Test  Set,  Engine  Instrumentation  System  1/2  students 
Test  Sat  Converter  1/2  students 

PROCEDURE 

Note;    Reioove  ALL  jewelry  before  working  on  equipment. 

Note;    Before  starting  any  test,  refer  to  figures  1  and  2  for 
diagrams  shoving  the  location  of  the  control  switches  for  both 
test  sets«    Connect  two  test  units  and  converter  to  the  proper 
US  VAC  400  Hs,  10  outletst   Be  sure  that  the  power  plugs  are 
properly  grounded* 

1,    Fllot*3  Converter  Channel  Output  Tests 

a.  Preliminary  starting  procedure^ 

(1)  Set  the  RANGE  SELECTOR  SWITCH  (3)  of  the  VTVM  to  300  on 
tester  iSft3A3081. 

(2)  Set  the  115-V,  AOO-Hz,  10  switch  (56)  of  the  13A2561 
system  analy2er  test  set  to  the  ON  position. 

(3)  Set  the  115-V,  AOO-Hz,  10  switch  (34)  of  the  13A3081 
converter  output  test  set  to  the  ON  position^ 

(4)  Allow  a  flve-MOinute  warm-up  period  for  both  test  sets. 

(5)  Perform  the  test  procedures  lifted  under  each  module  test« 

b.  Pllot*s  Nl  and  N2  BPM  module  test* 
(1)    Nl  motor  excitation  test. 

(a)  Set  the  TEST  SELECT  switch  (30)  to  Nl-MOT  EXC  on 
tester  iifl3A3081. 

(b)  Set  the  MOT  EXC  switch  (3S)  to*  the  ENG  1,  2,  3,  and 
4  positions.    The  VTVM  meter  should  Indicate  115  +  11.5  volts  at  each 
engine  position  on  tester  #13A3081« 

Note;    When  setting  the  MOT  EXC  switch,  selecr.  one  engine  position 
at  a  time,  beginning  with  ENC  1. 

(c)  Record  the  actual  VTVM  Indications  and  the  results 
for  each  engine  position  In  the  appropriate  columns  in  table  1. 
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igute  1^    Bendlx  Engine  InflCrument  Syscen  Analyzer  (Type  13A2561)  Control  Locacion  Diagram* 
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Figure  2.    Bendlx  Englno  Instrument  System  Converter  Output  Tester  (Type  13A3081)  Control  Location  Diagram.  § 
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Eng  Position 
MOT  EXC 
SW  38 

Required  VTVM 
Indications  & 
Tolerances 

Actual  VTVNd 

,  Indicationi 

Results 
(S  or  U) 

Nl 

N2 

Ni 

ENG  1 

115  i  1 1  5V 

ENG  Z 

115   -  11.5V 

ENG  3 

115   •   11*!  5V 

ENG  4 

115  -  11.5V 

Table  1*    PllotU  Nl  and  N2  Mbtor  Excitation  Tests* 

(2)  lEkotor  excitation  cesc* 

(a)  Follow  the  same  procedures  as  for  the  Ml  motor 
excitation  test  except  set  the  TEST  SELECT  switch  (30)  to  EXC 
on  tester  Jifl3A3081t 

(b)  Record  the  actual  VTVM  indications  and  the  results 
for  each  engine  position  in  the  appropriate  columns  in  Table  1« 

(3)  Shutdown  procedure  for  percent  RPM  motor  excitation  tests* 

Ca)    Leave  the  115-V»  400-Hs»  10  switches  in  the  ON  position 
on  both  test  sets.    Leave  the  VTVM  switch  to  the  300  position, 

Cb)    Set  all  other  control  switches  to  the  extreme  counter- 
clockwise position  on  both  test  sets, 

(4)  Nl  control  phase  test, 

(a)  Set  the  TUEBINE  STATION  switch  (13)  to  the  Nl  position 
on  the  13A2S61  test  set, 

(b)  Set  the  following  switches  of  the  13A3081  test  set 
to  the  positions  indicated* 

SWITCH  POSITION 

TEST  SELECT  (30)   Nl-CONT  0 

F/U  Pot  SELECT  (36)   ENG  1,  2,  3  or  4 

CONT  0  (37)   ENG  1»  2,  3  or  4 

MOT  EXC  (38)  .  ,   ENG  1»  2,  3  or  4 

Note:    When  setting  control  switches  36»  37»  and  38»  select  one 
engine  position  at  a  cime*  beginning  with  the  ENG  1  position, 

(c)  Set  the  %  RIM  switch  Cl5)  of  the  13A2561  test  set 
to  the  positions  specified  in  Table  2, 
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Actual  F/U  POT  Control 
Ratio  ladlcttloQ 
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N 
2 

20 
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R 

50 

.451 

*460 

A 
T 

90 

.812 

*818 

I 
0 

100 

.902 

*908 

Table  2*    Pilot's  Nl  and  il2  Control  Phase  Test# 

(d)  Adjust  F/U  P0T*N1  control  (4)  of  the  13A3081  test  set 
until  a  minliauin  indication  is  obtained  on  the  VTVM  meter*    The  resistance 
ratio  indicated  by  p/tJ  POT-Nl  control  (4)  should  be  as  specified  in  Table  2 
for  each  engine  position* 

(e)  Record  the  F/U  POT-ill  control  (4)  actual  Indications 
and  the  results  In  the  appropriate  columns  in  Table  2. 

(5)    N2  control  phase  test* 

(a)  Follow  the  same  procedures  as  for  the  Nl  control  phase 
test  except  for  the  following: 

1*      Set  the  TURBINE  STATION  switch  (13)  of  the 
13A2561  test  set  to  position  N2* 

2^*      Set  the  TEST  SELECT  switch  (30)  of  the  13A3081 
test  set  to  the  N2^C0kr  0  position* 

2»     Adjust  F/U  P0T-K2  control  (8)  of  the  13A3081 
test  sec  until  a  minlimm  indication  Is  obtained  on  the  VTVM  meter  (3)* 
The  resistance  ratio  indicated  by  F/U  P0T-N2  control  (8)  should  be  as 
specified  in  Table  2  for  each  engine  position* 

(b)  Record  the  F/U  P0T-K2  control  (8)  actual  Indications 
and  the  results  in  the  appropriate  columns  in  Table  2* 

C6)    Shutdown  procedure  for  percent  RPM  control  phase  test. 

(a)    Leave  both  115-V>  400-H3  Vh  switches  in  the  ON 
position.    Leave  the  VTVM  switch  in  the  300  position. 
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Cb)    Sat  all  other  control  switches  to  the  extreme 
counterclockwise  position  on  both  test  sets. 

(c)    Set  all  P/U  POT  controls  counterclockwise  to 
indicate  .000  on  tester  j^l3A3081. 

c.     Pllot*s  exhaust  ga^  temperature  module  test* 

(1)    Motor  excitation  test  (EGT) . 

(a)  Set  the  TEST  SELECT  switch  (30)  to  the  EGT-MOT  EXC 
position  on  tester  i?13A3081. 

(b)  Set  the  MOT  EXC  switch  (38)  to  the  ENG  1,  2.  3,  and  4 
positions*    The  VTVM  meter  should  indicate  115  +  11*5  volts  at  each  engine 
position  on  tester  r3A3081. 

(c)  Record  the  actual  VTVM  Indications  and  the  results 
for  each  engine  position  in  the  appropriate  colufflne  In  Table  3. 


Engine 
Position 
MOT  EXC 
S\t  38 

Required 

VTVM  Indications 
and  Tolerances 

Actual 
VTVM 

Indications 

Results 

(S  or  U) 

EUG  1 

115  t  11.5V 

ENG  2 

115  ±  11.5V 

ENG  3 

115  ±  11.5V 

ENG  4 

115  ±  11.5V 

Table  3.    Pilot's  EGT  Motor  Excitation  Test. 

(2)  Shut<!own  procedure  for  EGT  motor  excitation  tadts. 

(a)  Leave  both  115-V»  AOO^Hz  10  switches  In  the  ONT  position. 
Leave  the  VTVM  switch  In  the  300  position. 

(b)  Set  all  other  control  switches  to  the  extreme  counter- 
clockwise position  on  both  test  fiats. 

(3)  Control  phase  test  (EGT)  ♦ 

(a)    Set  the  following  switches  of  the  13A3081  test  set 
to  the  positions  indicated. 
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SWITCH  POSITION 

TEST  SELECT  30   EGT-CONT  0 

F/U  POT  SELECT  (36)   ENG  1»  2,  3  or  4 

CONT  0  (37)    SNG  1,  2,  3  or  4 

MOT  EXC  (38)   ENG  1,  2,  3  or  4 

Koce:    Whaa  satting  control  swicches  36,  37,  and  38,. select  one 

aaglna  position  at  a  time  bagimting  with  Che  ENG  1  position. 

(b)    Set  the  EGT  °C  switch  (14)  of  tha  13A2561  test 
aet  to  the  positions  specified  in  Table  4. 


Test:  Point 
EGI  °C 
SW  14 

Required  F/U 
POT_  Control  (26) 
lUtio  Indication 

Actual  F/U  POT 

Control  (26^) 
Ratio  Indications 

Results 

(S  or  U) 

Hln 

Hox 

1 

2 

3 

4 

1 

t 

3 

4 

100°C 

.188 

.200 

300°C 

.429 

.436 

400°C 

.550 

.557 

600°C 

.784 

.790 

Table  4*    Piloted  Exhaust  Gas  Temperature  Coatrol  Fhese  Test. 

(c)  Set  the  ENGINE  switch  (36)  of  the  13A2561  test 
set  to  the  engine  chaimel  under  test. 

(d)  Adjust  the  F/U  POT-EGI  control  (26)  of  the  13A3081 
test  set  until  a  minimum  indication  is  obtained  on  tha  ratio  indicated 
by  the  F/U  POT-EGT  control  (26)  should  be  a9  specified  in  Table  4* 

(e)  Record  the  F/U  POT-EGT  control  (26)  actual  indications 
and  the  results  in  the  appropriate  columns  in  Table  4. 

(4)    Shutdown  procedure  for  exhaust  gas  temperature  control 
phase  tests. 

(a)  Leave  both  IIS-V,  400-Ha;  10  switches  In  the  ON  position. 
Leave  the  VTVM  switch  in  the  300  position. 

(b)  Set  all  other  control  switches  to  the  extreme  counter^ 
clockwise  positions  on  both  test  sets. 

(c)  Set  all  F/U  POT  controls  counterclockwise  to  indicate 
.000  on  the  jifl3A3081  tester. 


15 


d.     Pilot's  fuel  flow  modulo  teat. 

(1)    Motor  excitation  teata  (Fuel  Flow). 

(a)  Set  the  TEST  SELECT  switch  (30)  to  the  FUEL  FLO-MOT 

EXC  poaltlon. 

(b)  Set  the  MOT  EXC  witch  (38)  to  the  ENG  1,  2,  3,  and  4 
positions.    The  VTVH  meter  should  indicate  115  ±  11.5  volts  at  each  engine 
position  on  tester  #13A3081. 

(c)  Record  the  actual  VTVH  indications  and  the  results  for 
each  engine  position  in  the  appropriate  columns  in  Table  5. 


Engine 
Position 
MOT  EXC 
SW  38 

Required 

VTVM  Indlcatlona 
and  Tolerancee 

Actual 
VTVM 

Indlcatlona 

Results 

(S  or  U) 

ENG  I 

115  ±  11.5V 

ENG  2 

115  ±  U.5V 

ENG  3 

115  ±  11.5V 

ENG  4 

115  ±  11.5V 

Table  5*   Pilot's  Fuel  Flow  Motor  Excitation  Tests* 

(2)  Shutdown  procedure'for"£ueiTlow  motor  excitation  tests. 

(a)  Leave  both  115-V,  400-H2  10  switches  in  the  ON  position 
Leave  the  VTVM  switch  in  the  300  position* 

(b)  Set  all  other  control  switches  to  the  extreme  counter- 
clockwise position  on  both  test  sets. 

(3)  Control  phase  tests  (Fuel  Flow)* 

(a)    Set  the  following  switches  of  the  13A3081  test  set  to 
the  positions  indicated. 

SWITCH  POSITION 

TEST  SELECT  (30)  *  .  FUEL  FLO-CONT  0 

com  0  (37)   ENG  1,  3,  3  or  4 

MOT  EXC  (38)  EKG  1,  2,  3  or  4 

Fuel  flow  test  selector 

switch  (tf22)  to    .  *   ENG  1,  2,  3  or  4 

Note:    When  setting  control  switches  22,  37,  and  38  select  one 
engine  position  at  a  time  beginning  with  the  ENG  1  position. 
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(b)    Set  the  FUEL  FLOW  PPH  switch  <38)  of  the  13A2561 
tost  eet  to  the  positions  specified  in  Table  6. 


Tut  Point B 
FUEL  FLO 
PPH 
SH  38 

fiAdulrad 

4W^ri  U-A  *  B  V 

cr  12  In- 
dlcatlonA 
In  Degraat 

cr  <12) 
Tolerance 
In  Degraei 

Actual  cr  (12) 
Indlcatloni  In  Segraaa 

Results 

<S  or  U> 

1 

2 

3 

4 

1 

2 

3 

4 

400 

76.8° 

+  0.2° 

3000 

56.0° 

+  0.2** 

6000 

32.0** 

+  0.2° 

8000 

16.0° 

+  0.8° 

12000 

344.0° 

+  0.8° 

Table  6.    Pilot's  Fuel  Flow  Control  Phase  Testa* 

(c)  Adjust  the  CT  control  <12>  of  the  13A3081  teat  set 
until  a  mlniiQUm  Indication  la  obtained  on  the  VTVH  meter.    The  angle 
Indicated  in  degreea  on  the  CT  indicator  (12)  ahould  be  aa  apeclfied 
In  Table  6« 

(d)  Record  the  actual  CT  (12)  Indicatlona  In  degreea 
and  the  reaulta  for  each  engine  poaltlou  In  Table  6* 

e«     Final  shutdown  procedurea  of  the  pilot^s  converter  channel  output 

test* 

(1)  Set  the  115-V,  400-Hz  10  switches  to  the  OFF  poeltions  on 
both  teet  eete*    Leave  the  V7VM  switch  In  the  300  position* 

(2)  Set  all  control  switches  to  the  extreme  counterclockwise 
poeltlona  on  both  test  sets« 

(3)  Set  CT  control  clockwise  to  indicate  0"*  on  teeter  ^fl3A3081* 

(4)  Dlaconnect  all  power  cablea  from  the  power  aource  for  the 
converter^  and  both  teat  aeta« 

CAUTIOKi    THE  CABLES  ARE  VERY  DELICATE  AND  SHOULD  BE  HANDLED  WITH 
EXTREME  CARE* 


INSTRUCTOR'S  INITIALS 


ion 


3ABR3253i-PT-30i 
3ABR32632B-PT-401 


Technical  Training 


Avionics  Instrument  Systems  Specialist 
Integrated  Avlonic  Systems  Specialist 


PITOT-STATIC  SYSTEM 


5  June  1978 


^  »  jj. 
^^^^^^ 


CHANUTE  TECHNICAL  TRAINING  CENTER  (ATC) 
3360  Technical  Training  Group 
Chanute  Air  Force  Base,  Illinois  • 


DESIGNED  FOR  ATC  COURSE  USE 
DO  .NOT  USE  ON  THE  JOB 


1097 


FOREWORD 


This  programmed  text  was  developed  for  use  in  Courses  3ABR32S31» 
Avionics  Instrument  Systems  Specialist  and  3ABR32632B,  Integrated 
AvioDic  Systems  Specialist*    This  material  has  been  validated  by  at 
least  20  students  from  che  subject  courses  with  at  l^ast  90%  of  the 
students  achieving  the  stated  objectives*    The  average  time  for 
completing  this  programmed  text  is  S  hours  and  SO  minutest 

OBJECTIVE 

Without  references  Identify  facts  pertaining  to  the  purpose^ 
operation^  and/or  characteristics  of  the  basic  pitot-static  system 
and  test  equipmentt 

INSTRUCTIONS 

There  are  two  parts  to  this  text*    Complete  part  I  and  then 
ask  your  instructor  for  further  instructions  before  completing 
part  II* 

The  text  is  presented  in  numbered  frames  arranged  in  a  learning 
sequence*    You  are  required  to  read  the  information  in  each  fraoa 
and  respond  to  the  questions  on  the  material  presented*    DO  NOT  WRITE 
IN  THIS  BOOK*    Use  the  response:  sheet  to  record  your  answers*  You 
may  check  your  response  by  looking  for  the  correct  answer  at  the 
beginning  of  the  next  frame,  bottom  of  the  page.    If  you  selected  the 
correct  response*  you  may  continue  to  the  next  frame*    If  your  response 
was  incorrect*  go  back  and  review  the  material*    If  you  need  assistance* 
ask  your  instructor  to  help  yout    DO  NOT  RUSH* 


Supersedes  3ABR32531-PT-301,  3ABR32632B-PT-401*  25  February  1977. 
OPR:    3360  TCHTG 
DISTRIBUTION:  X 

3360  TCHTG/TTGU-F  -  200;    TTVSA  •  1 
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Part  I 


Section  A 


PITOT-STATIC  SYSTEM 


Frame  1 


The  picot*static  system  uses  the  air  (atmosphere)  around  the 
aircraft  for  operation.    Every  aircraft  from  the  most  complex  jet  to 
Che  smallest  reconnaisance  plane  has  ^  picot*static  system.  Pitot 
is  pronounced  pea-toe.    The  pressures  supplied  by  the  system  operate 
the  aircraft's  airspeed  indicators*  machmeter>  altimeter*  vertical 
velocity  indicator  (rate  of  climb)  and  supplies  pressures  to  other 
systems  such  as:    autopilot*  flight  control*  landing  gear*  etc.  You 
will  be  responsible  for  the  maintenance*  troubleshooting  and  repair 
of  the  pitot*static  system  and  the  flight  instruments  operated  by  it. 
Later  in  the  course  you  will  learn  about  the  flight  instruments  that 
you  are  responsible  for  maintaining. 

The  purpose  of  the  pitot-static  system  is  to  sense  both  pitot 
and  static  pressures  and  transmit  these  pressures  to  the  various 
instruments  and  systems  located  on  the  aircraft. 

Check  (/)  the  statement  or  statements  below  that  describe  the  purpose 
of  the  pitot-static  system. 

a.     Measures  pitot'-and  static  pressures* 

b*      Senses  both  pitot  and  static  pressures. 

 ^c.     Used  to  indicate  the  aircraft*s  airspeed*  Mach  number»  and 

altitude. 

 ^d.     Transmits  both  pitot  and  static  pressures  to  various  flight 

instruments  and  systems  located  on  the  aircraft. 


Frsme  2 


Before  going  further  Into  the  pltot-statlc  system,  let's  define 
the  air  pressures  that  are  being  used;  first  Is  static  pressure* 

The  word  "static"  means  "still  and  undisturbed."  Therefore, 
static  pressure  Is  the  pressure  of  the  still  and  undisturbed  air 
around  the  aircraft*    Static  pressure  is  the  name  or  teno  that 
aircraft  technicians  use  instead  of  atmospheric  pressure*  When 
the  pltot-statlc  system  senses  static  pressure,  it  is  sensing  the 
air  or  air  density  that  surrounds  the  aircraft*    Another  way  to  put 
it  18,  the  still  and  undisturbed  air  about  the  aircraft*    P    is  the 
symbol  for  static  pressure*  ^ 

Check  the  correct  response(s)  below* 

Static  pressure  is 

a*     atmospheric  pressure* 

 b*     ram  air  pressure* 

^  c*      the  still  and  undisturbed  air* 


d*     P  * 


Answers  to  Frame  1?       /   b*       /  d* 
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Frame  3 

The  air  around  the  earth  can  be  considered  as  an  ocean  of  air. 
This  ocean  of  air  extends  upward  vlth  the  static  pressure  decreasing 
vlth  en  increase  In  height.    Like  an  ocean  of  water,  the  air  ocean 
has  both  depth  and  weight.    Static  pressure  Is  the  greatest  at  the 
bottom  of  the  air  ocitan  or  at  the  earth's  surface.    At  sea  level  the 
normal  atmospheric  (air)  pressure  Is  14.7  pounds  per  square  Inch 
(14.7  psl),  whereas  at  100,000  feet  the  pressure  Is  0.147  psl. 
Pressure  and  altitude  are  Inversely  proportional;  therefore^  an 
Increase  In  altitude  causes  a  decrease  In  static  pressure.  Thus 
we  have  a  means  of  measuring  the  altitude  at  which  the  aircraft  Is 
flying.    Also,  at  any  given  altitude  a  decrease  In  temperature  will 
cause  an  Increase  In  air  density,  thereby  causing  an  Increase  In 
static  pressure. 


Ps  decreases  with  an  increase  In- 
altltude  O 


'As  air  temperature  decreases  Ps 
Increases  [ 

l^tatlc  Pressure 

Fill  In  the  blanks  on  the  following  statem^ts. 


a. 
b. 


Sta. Ic  pressure  at  sea  level  Is 


Static  pressure  Increases  with  a 


In  altitude. 


c.     Static  pressure  decreases  as  temperature 


Answers  to  Frame  2: 


a. 


/  c. 


/  d. 


5  -f/Oi 


/o7t 


Frama  4 

Impact  pressure*  also  known  as  ram  pressure*  Is  another  pressure 
sensed  hy  the  pitot-statlc  system.    It  is  the  air  pressure  that 
strikes  the  pltot  tube  as  the  result  of  the  forward  motion  of  the 
aircraft.    Impact  pressure  Is  used  to  measure  airspeed.    Q   Is  the 
syiDbol  for  impact  pressure.  ^ 


RAM 

PRESSURE** 
Oc 


Check  the  correct  response(s)  below, 
ja.     Static  pressure  is  known  as  ram  pressure. 
J),     Impact  pressure  Is  due  to  the  forward  motion  of  the  aircraft. 
j:4     Impact  pressure  is  used  to  measure  airspeed. 


Answers  to  Frarc  3:    a.    14. 7        b.    decrease        c.  Increases 


6 
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Frame  5 


Plcot  pressure  (Pc)  equals  impact  pressure  (Qc)  plus  scaclc 
pressure  (Psl)«    Plcoc  pressure  Is  sometimes  referred  to  as  cocal 
pressure*    For  example,  if  we  had  15  psi  of  Impact  pressure  and  10 
psi  of  static  pressure,  Che  pitot  or  total  pressure  would  be  25  psi. 
Example  pertains  to  one  altitude  only* 

What  is  pitot  pressure? 

a.  The  difference  between  impact  and  static  pressure. 

b.  Impact  pressure  minus  static  pressure. 

c.  Total  pressure  plus  static  pressure* 

d.  Impact  pressure  plus  static  pressure. 


Answers  to  Frame  4;       /  b.       /  c. 


Frame  6 

Let's  briefly  review  the  material  covered  to  this  ooint  Yo.. 

JJf  o4  pressures;  also  that  the  pltot-statlc  system  operates 

'  "''i'"'*"  in<iicators.    Clrdf  ^hTleSr^ 

1.    The  definition  of  pltot  pressure  Is  the 

a.  vacuum  pressure  around  the  aircraft. 

b.  alt  moving  around  the  aircraft  causing  lift. 

c.  stlU  and  undisturbed  air  around  the  aircraft: 

d.  impact  pressure  plus  static  pressure. 

^*    ^elsS?i"S  °^        ««*«dlng  upward  from  the  earth's  surface, 

a.  least  at  a  low  altitude. 

b.  greatest  at  a  low  altitude. 

c.  dependent  only  on  temperature. 

d.  constant  throughout  the  columo. 
3'«    The  definition  of  static  pressure  is 

a.  the  pressure  of  the  moving  air  around  the  aircraft. 

b.  vacuum  pressure  around  the  aircraft. 

c.  the  pressure  of  the  still  and  undisturbed  air  around  the 
aircraft « 

d.  Impact  pressure  caused  by  the  aircraft  flying  forward. 

4.    Whan  the  aircraft  slows  down  and  remains  at  the  same  altitude, 
pltot  pressure  will 

a*  Increase* 
b*  decrease* 
c*     not  change* 

not  be  affected  by  the  change  In  speed. 
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5.  An  aircraft  flying  to  a  higher  altitude  will 

a.  cause  an  Increase  In  temperature. 

b.  encounter  a  decrease  In  static  pressure^ 

c.  encounter  an  Increase  In  static  pressure^ 

d.  not  be  affected  by  temperature  or  static  pressure. 

6.  Static  pressure  would  Increase  If  the  alrci^kft 
a«     vent  faster. 

b.  went  slower. 

c.  descended  to  a  lower  altitude. 

d.  ascended  to  a  higher  altitude. 

7.  If  the  aircraft  files  at  the  same  speed  ana     es  up  to  a  higher 
altitude*  pltot  pressure  will 

a.  lncreas^.« 

b.  decrease. 

c.  not  change. 

d.  change  Into  static  pressure. 


Answer  to  Frame  5:       ^  d. 
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Frame  7 

In  Che  next  several  frames  you  will  learn  about  the  component  parts 
of  the  pitot-^static  system.    You  will  learn  how  pitot  and  static  pressures 
are  sensed  and  transmitted  to  the  instruments  operated  by  these  pressures. 
The  pitot  tube  is  a  pitot  pressure  sensor.    To  properly  sense  pitot 
pressure^  it  must  be  mounted  parallel  with  the  longitudinal  axis  of  the 
aircraft.    Pitot  pressure  (impact  plus  static  pressures)  enters  the  pitot 
tube  through  a  1/A  inch  opening  located  at  the  front  of  the  tube. 
Location  of  the  tube  is  not  the  same  on  all  aircraft.    Some  aircraft 
have  the  pitot  tube  located  on  a  boom  in  front  of  the  aircraft's  nose, 
others  have  the  tube  located  on  the  wing  tip  or  vertical  stabilizer. 
The  location  of  the  pitot  tube  is  not  as  Important  as  the  fact  that, 
"it  must  be  mounted  parallel  to  the  longitudinal  axis  of  the  aircraft 
and  at  a  point  where  the  air  is  not  disturbed  by  the  aircraft's  for-^ 
ward  movement  through  the  atmosphere." 

Check  (/)  the  statements  that  describe  the  location  and  mounting  of  the 
pitot  tube. 

___a.     The  only  place  a  pitot  tube  can  be  located  on  an  aircraft 
is  in  front  of  the  nose. 

b .  The  pitot  tube  must  be  mounted  parallel  to  the  longitudinal 
axis  of  the  aircraft. 

c.  The  pitot  tube  must  be  located  where  the  air  is  not  disturbed. 


Answers  to  Frame  6; 

1.    d     2.    b     3.    c     A.    b     5.    b     6.    c     7.  b 


LU)6 
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Frame  8 


Kemembetf  all  pltot  tubes  are  not  located  at  the  same  place  on 
aircraft*    Al3o>  they  are  not  all  the  same  size  or  shape*    The  inner 
construction  of  all  pltot  tubes  is  basically  the  same*    Study  the 
illustration  below*    The  main  parts  that  make  up  a  pltot  tube,  are: 


a*     baffle  plate  which  prevents  water  and  dirt  from  entering 
the  pitot-static  system. 

b*      drain  hole  which  allows  water  to  drain  from  pitot  tube* 

c.  1/4"  opening  on  che  end  which  allows  pitot  pressure  co 
enter  tube* 

d.  two  heaters  or  heating  elements  which  are  used  to  prevent 
icing  of  che  pltot  tube* 

RAJN  OltOPS 
»  l< 


SAFFIE 


DRAIN  HOU 


KeAR  ELEMENT 


7  \ 


FRONT  ELEMENT 


Using  the  above  Illustration^  match  the  components  listed  below  to 
their  function* 


^1*  pitot  tube 

1.  baffle 

^3*  drain  hole 

A*  pitot  heaters 


a*     senses  pitot  pressure 

b*     Prevents  water  and  dirt  from 

entering  the  pitot-static  system 

c*      used  as  the  method  to  prevent 
icing  of  che  pitot  tube 

d.     allows  water  to  drain  from 
pitot  tube 


Answers  to  Frame  7: 
/   b*       /  c* 
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Frame  9 

Every  pitot  tube  has  a  pitot  heater.    The  power  switch  for  the 
pitot  heater  is  located  inside  the  cockpit  within  easy  reach  of  the 
pilot  or  may  be  actuated  automatically  by  the  weight  being  removed 
off  of  the  landing  gear.    Caution  should  be  taken  when  the  aircraft 
is  on  jacks  to  insure  the  pitot  heater  circuit  breakers  are  pulled 
to  prevent  the  heaters  from  being  turned  on  by  the  weight  being  off 
of  the  landing  gear.    The  pitot  heater  will  bum  out  If  it  is  operated 
on  the  ground  for  more  than  30  seconds.    Ground  operation  of  the 
heaters  causes  pitot  tubes  to  get  very  hot,  so  do  not  touch  them 
immediately  after  operation  or  you  will  receive  a  severe  bum* 

No  response  required* 


Answers  to  Frame  8; 

a    1.       b    2*  d    3*       c  4. 
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Frame  10 

When  the  aircraft  is  parked  on  the  ground^  a  canvas  pitot  cover 
with  a  red  streamer  (flag)  Is  put  on  the  pltot  tube.    Bugs,  dust  and 
rain  are  kept  out  of  the  pitot  tube  by  the  canvas  cover*    The  pitot 
tube  cannot  sense  pitot  pressure  with  the  pltoc  cover  installed*  The 
purpose  of  the  red  screamer  is  to  remind  the  crew  chief  to  remove  the 
pitot  tube  cover  before  takeoff. 

Mark  the  following  statements  true  (T)  or  false  (F)* 
a* 


b« 


The  pitot  cover  prevents  bugs,  dust  and  rain  from  entering 
the  pitot  tube  when  the  aircraft  is  parked* 

The  red  streamer  is  a  warning  flag  to  remind  the  crew 
chief  CO  remD\g&  the  pitot  cover  before  takeoff- 


Answers      Frame  9: 
No  response  required* 
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Frame  11 


Now  chat  you  know  about  che  plcoc  pressure  sensing  eleioent 
(pitot  tut^),  we  will  discuss  the  static  pressure  sensor.  The 
static  flush  plate,  shown  below»  senses  static  pressure  Cor  those 
aircraft  that  do  not  use  the  type  of  pitot-statlc  tube  shown 
earlier  in  this  text* 


Static  pressure  enters  the  pitot-statlc  system  through  a 
number  of  holes  In  the  flush  plate*    The  location  of  the  static 
sensor  Is  extremely  important*    To  function  properly,  the  static 
flush  plates  mast  be  located  at  a  particular  place  on  the  alrcra£t*s 
fuselage*    To  determine  the  location  of  the  static  ports »  a  aodel 
of  the  aircraft  Is  tested  in- a  wind  tunnel*    The  static  flush  plate 
must  be  located  on  the  fuselage  In  an  area  of  least  air  turb\ilence# 
This  Is  the  purpose  of  the  wind  tunnel  test* 


Fill 'in  the  blanks  in  the  following  statements* 


The   plate  is  the  static 

pressure  sensor* 

b*     Static  pressure  enters  the  pltot^static  system  through  a 

  of    In  the  static 

flush  plate* 

c*     The  location  of  the  static  flush  plate  is  determined  by  a 

test. 


Answ^n;  to  Frame  10: 
a*    T     b*  T 


Frame  12 

For  easy  location  of  the  static  flush  plate,  a  red  circle  Is 
painted  around  It*    (Refer  to  illustration)* 


The  red  circle  around  the  static  flush  plate  warns  paintars^or 
mechanics  not  to  cover  it  with  either  paint  or  tape* 

No  response  required* 
Answers  to  Frame  11: 

a*    static  flush      b*    nujnber  of  holes   c*    wind  tunnal 
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Frame  13 

During  the  wind  tunnel  test  of  the  F-lOO   guess  what?  — 

They  found  air  turbulence  on  all  areas  of  the  fuselage.    For  thid 
reason*  static  flush  plates  (static  ports)  could  not  be  mounted  on 
the  fuselage.    For  those  aircraft  (which  include  most  modem  Jets) 
that  have  turbulent  air  everywhere  on  the  fuselage*  the  sta'tic  holes 
are  located  on  the  pitot  tube«    This  type  tube  is  shown  below« 


A  tube  that  senses  both  pitot  and  static  pressure  is  called  a  pitot* 
static  tube*    The  pltot-static  tube  Is  the  same  as  the  pitot  tube*  except 
it  has  static  holes  on  the  top  add  bottom  of  the  tube*    ?itot  pressure 
enters  the  tube  through  the  1/4  Inch  hole  In  front*  and  static  pressure 
enters  through  the  static  holes  on  the  top  and  bottom  of  the  tube* 

Check  (/)  the  following  statements  that  are  true* 

a*     All  aircraft  have  some  point  on  their  fuselage  that  has 
no  turbulent  air* 

 b*     A  pitot  tube  that  senses  both  pitot  and  static  pressure  is 

called  a  pitot-statlc  tube* 

c*     The  pitot-static  tube  has  a  1/4  inch  hole  in  the  end  to 
sense  pitot  pressure  and  a  number  of  holes  on  the  top  and 
bottom  to  sense  static  pressure* 

Ans:wer  to  Frame  12: 
Ko  response  required* 


1142 
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Frame  14 

Up  to  this  poinc  you  have  learned  about  pressures  and  pressure 
sensors.    Later  you  are  going  Co  learn  about  the  Indicators  that  are 
operated  with  pressure.    Now  we  are  going  to  learn  how  the  pressures 
are  transmitted  from  the  sensors  to  the  indicators.    These  pressures 
are  transmitted  through  the  pitot^static  system  lines.    There  are  two 
types  of  lines  used;  rigid  tubing  and  flexible  pressure  hose. 

No  response  required. 


Answers  to  Frame  13: 
/   b.       /  c. 
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Frame  15 


Rigid  tubing  is  used  where  there  is  low  vibration*    When  installing 
the  rigid  tubings  it  must  he  torqued  to  the  value  specified  in  TO*  Hote 
Always  check  the  TO  for  exact  torque  values!    Rigid  tubing  Is  used  to 
transmit  both  pitot  and  static  pressure* 


Check  (A  the  following  true  statements* 

a.     Rigid  tubing  is  used  where  there  is  high  vibration* 

b*     When  installing  rigid  tubing,  it  should  be  torqued  to  the 
exact  value  as  specified  in  T0« 


Answer  to  Frame  14: 
* 

No  response  required* 


ILU 
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Frame  16 


Flexible  hose  Is  used  In  high  vlbratloa  areas.    The  corque 
required  on  flexible  hose  Is  specified  In  Che  applicable  TO.  How 
ac  chid  polnc,  you  still  have  a  small  problem  ^~  where  are  che  lines? 
Before  you  can  clghcen  a  line  you  have  co  locate  Ic.    All  plcoc  and 
scatlc  lines  are  either  color  coded,  (code  will  be  In  TO)  or  they  are 
taped  with  the  word  pltot  or  static  on  the  line. 


rill  in  the  blanks  in  the  following  statetuent. 

1.     Flexlbl*  hose  and  rigid  tubing  are  torqued  to  value  that  is 
specified  in   • 


Answer  to  Frame  IS: 
/  b. 


) 
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Frame  17 


During  an  Inspection  o£  the  pltot-statlc  system*  you  check  the 
system  £or  moisture.    Hake  sure  the  drain  hole  in  the  pitot-^static 
cube  is  open  and  £ree  o£  dirt.    Moisture  will  also  accumulate  in  the 
system  lines  due  to  condensation.    The  drain  sump  (re£er  Co  illustra- 
tion) is  used  to  remove  the  moisture  in  the  pitot-statlc  system  lines* 


The  drain  sumps  are  located  at  the  lowest  point  in  the  pitot  and 
static  lines.    To  remove  water  £rom  the  system  lines*  you  locate  the 
lowest  point  in  the  lines  and  open  the  drain  sumps. 

Check  (/)  the  correct  statement/statements. 

 a*     The  drain  sumps  are  located  at  the  lowest  point  in  th*^ 

pitot^tatic  lines. 

 b .     To  insure  that  water  does  not  accumulate  in  the  pitot  or 

pitot-static  tube*  keep  t:he  drain  hole  In  the  tube  unclogged. 

Answers  to  Frame  16 « 
1,      the  applicable  TO. 
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Frame  18 


You  have  learned  about  the  pltot  tube,  static  flush  plate,  pltot- 
statlc  tube,  pltot-static  lines,  drain  sumps,  rigid  tubing,  flexible 
hose  and  where  to  find  the  torque  required  for  the  tubing  and  hose. 
This  last  frame  pertains  to  Instruments  associated  with  the  pltot- 
statlc  system. 

The  pltot-statlc  system  operates  the  following  list  of 

in  this  programmed  text* 

1.     Altimeter:    Indicates  the  altitude  (height  of  the  aircraft 
above  or  below  sea  level) . 

2      Vertical  velocity  (rate-of-aimb  Indicator) »    Indicates  the 
rate  oi  'clS  ^r  dive  of  tL  aircraft  in  feet  per  minute  (f pm) . 

^^he'iS^  ^^tTl^the  alrcxaft  should  fly.  at  any 
altitude* 

4.     Machmeter:    Indicates  the  aircraft's  airspeed  in  relation 
to  the  speed  of  sound* 

Using  the  Illustration  on  the  next  page,  determine  ^he  type 
p«s3r?r  P-sures  each  -^^^^^^^^^^ 

 ^1.     atlmeter  ^' 

naxlmum  allowable  b.     static  pressure 

^^^^P^®**  c.     Bitot  and  static  pressure 


4.  machmeter 


Answers  to  Frame  17: 
/   a.       /  b. 
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Answers  to  Franie  18: 

1.    b        2,    c        3,    b         4,  c 


i 

t 
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Part  I 
Section  B 
VERTICAL  VELOCITY  INDICATOR 


Frame  X 


The  rate-of -climb  or  vertical  velocity  Indicator  Is  designed 
to  indicate  the  rate  In  £eet->per-minute  (£pm)  at  which  the  aircraft 
changes  altitude.    This  Instrument  Indicates  vertical  speed  by 
sensing  changes  In  static  pressure  as  the  aircraft  changes  altitude. 
The  Indicator  receives  static  pressure  from  the  pltot^^statlc  system 
and  is  considered  a  basic  pltot-statlc  instrument. 

The  vertical  velocity  Indicator  serves  as  a  valuable  aid  to  the 
pilot  by  allowing  hln  to  establish  a  desired  rate-of-cllnb  after 
takeoff  or  to  establish  a  desired  rate  of  descent  for  landing.  He 
may  also  use  the  Instrument  to  maintain  the  aircraft  at  a  constant 
altitude  by  keeping  the  vertical  velocity  pointer  at  zero* 

Vertical  velocity  Indicators  may  differ  In  construction*  However^ 
their  basic  appearance  and  operation  are  sistllar*    This  allows  most 
vertical  velocity  Indicators  to  be  Interchangeable*    The  Illustration 
below  shows  the  main  parts  of  the  Kollsman  vertical  velocity  Indicator, 


-2CII0  WHTm  AOJU«TMfNT 


Check  (/)  the  correct  3tateaent(s)  *  (More  than  one  statement  may  be 
correct,) 

The  vertical  velocity  Indicator 

a*     uses  pltot  pressure* 

b*     uses  static  pressure  only, 

c*     Indicates  the  rate  of  climb /dive  of  the  aircraft  In 

f eet-per-mlnute  * 
d,     uses  pltot  and  static  pressure. 
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Frame  2 


This  illustration  shown  below  Is  a  typical  vertical  velocity 
Indicator*    The  range  of  the  vertical  velocity  indicator  is  0  to  6,000 
feet-per-minute,  climb  Cup)  or  dive  (down)*    The  top  half  of  the  dial 
is  marked  to  indicate  the  rate  of  dijnb,  and  the  bottom  half  shows  the 
rate  of  dive*    The  scale  is  calibrated  In  lOOO-feet-per-mlnute  In- 
cremants  numbered  0  to  6*    Between  0  and  1»  the  scale  is  graduated  in 
100*feet-per-mlnute  increments  with  a  500-feet  (*5)  reference  for  ease 
of  Interpretation*    Between  1  and  2»  the  scale  is  graduated  in  200^ 
feet  increments*    Between  2  and  6,  the  scale  markings  are  graduated 
in  500-feet-per  minute  increments*    The  large  numbers  on  the  dial  are 
tliausanda  of  feet^per^minute*    When  the  pointer  is  on  the  *'l"  near  the 
top  part  of  the  dial,  the  aircraft  is  dinging  at  a  rate  of  lOOO-feet'^ 
per-mlnute* 


Circle  the  letter  that  identifies  the  correct  answer* 

1*     If  the  pointer  is  at  *  5  on  the  dial,  the  indication  is 

a,      *5  fpm* 

b*     50  fpm* 

c*     500  fpm*  ■ 

d*     5000  fpm* 

Answers  to  frame  1:   /  b-      /  c* 
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Frame  3 


You  have  learned  that  the  vertical  velocity  Indicator  uses  only 
static  pressure  for  operation.    The  pressure  measured  by  the  Indicator 
is  differential  pressure.    Differential  pressure  is  the  difference 
between  two  pressures.    You* re  probably  asking;  yourself,  how  can  it 
measure  the  difference  between  two  pressiares  when  the  Indicator  uses 
only  one  pressiare?    This  Is  accomplished  with  a  dlffuser  valve  In 
the  Indicator.    The  dlffuser  valve  creates  and  maintains  a  differential 
pressure  when  the  aircraft  is  clinblng  or  diving.    It  also  allows  the 
pressure  to  equalize,  and  the  pointer  to  return  to  zero*  when  the 
aircraft  levels  off.    The  dlffuser  valve  and  the  expansion  and 
contraction  of  the  sensing  element  are  explained  In  detail  in  the 
next  four  frames. 

Check  (V)  the  correct  statement(8) .    (More  than  one  statement  may  be 
correct*) 

1.     The  vertical  velocity  indicator 

 ^a.     meaaurea  differential  presaiare. 


b*     uses  pltot  and  static  pressure. 

^c.     uses  static  pressiare  and  measures  absolute  pressure. 

d.     measures  differential  pressure  and  uses  static 
pressure  for  operation. 


Answer  to  frame  Z\    1.  c 
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Frame  4 


The  figure  below  shows  the  Indicator's  basic  mecr4anlam.  The 
sensing  element  used  Is  a  pressure  sensitive  diaphragm  (A)  *  The 
expansion  or  contraction  of  this  diaphragm  Is  determined  by  the 
pressures  acting  upon  the  diaphragm.    The  dlffuser  valve  (B)  Is  used 
to  create  and  maintain  a  differential  pressure  while  the  aircraft  Is 
climbing  or  diving.    The  dlffuser  valve  has  a  smaller  passageway 
than  the  passageway  that  leads  to  the  Inside  of  the  pressure  sensitive 
diaphragm.    Therefore^  the  air  entering  or  leaving  the  case  through 
the  dlffuser  valve  in  a  dive  or  climb »  Is  slowed  down  (lagging)  or 
restricted  when  compared  to  the  air  entering  or  leaving  the  Inside 
of  the  diaphragm.    These  changes  in  air  movement  cause  the  pressure 
acting  upon  the  diaphragm  to  change*    The  pressure  Inside  the  diaphragm 
can  change  very  rapidly  because  the  air  movement  is  not  restricted  by 
a  small  passageway^  therefore^  diaphragm  pressure  changes  always  lead 
case  pressure  changes.    The  differential  pressure  created  by  the  dlf- 
fuser valve  and  measured  by  the  expansion  or  contraction  of  the  pressure 
sensitive  diaphragm  will  move  mechanical  linkage  (C)  and  provide 
pointer  movement  to  indicate  a  climb  or  dive.    The  mechanism  is  enclosed 
in  an  airtight  case  with  an  opening  (D)  In  the  rear»  to  admit  static 
pressure.    The  next  three  frames  will  Illustrate  the  expansion  or 
contraction  of  the  diaphragm. 


C 


I 


A. 
B. 
C. 
D. 


Pressure  sensitive  diaphragm. 
Dlffuser  valve. 
Mechanical  linkage. 
Static  pressure  inlet. 
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Circle  the  letter  that  Idei^itlfles  the  correct  answer. 

1.  The  vertical  velocity  indicator  is  used  to 

a.  measuire  the  change  In  atmospheric  pressure 

b.  measure  the  change  In  static  pressure. 

c.  Indicate  the  vertical  speed  of  climb  or  dive  In  feet- 
per-second. 

d.  Indicate  the  vertical  speed  of  climb  or  dive  In  feet- 
per-fflinute. 

2.  The  sensing  element  In  the  vertical  velocity  indicator  is 

a.  an  over^pressure  diaphragm. 

b.  a  pressure  sensitive  aneroid. 

c.  a  Olffuser  valve. 

d.  a  pressure  sensitive  diaphragoi. 

Answers  to  frame  3:    1.       /a.       /  d. 
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Frame  5 


The  figure  belav  shavs  a  vertical  velocity  indicator  when  the 
aircraft  is  in  level  flight.    The  pressure  is  equal  on  the  Inside  and 
outside  of  the  diaphragm;  therefore ,  the  pointer  remains  on  "zero/' 


Circle  the  letter  that  identifies  the  correct  answer* 

1.     ^en  the  aircraft  is  on  the  gro^md  or  in  level  flight,  the 
pressure  in  thd  case  is 

a.  greater  than  pressure  inside  the  diaphragm. 

b.  the  same  ar  the  pressure  in  the  diaphragm. 

c.  less  than  the  pressure  in  Che  diaphragm. 

d.  creating  a  differential  pressure. 

Answer  to  frame  4:    1.    d     2.  d 


STATIC  PRESSURE  INLET 
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Frame  6 


When  static  pressure  changes  due  to  a  change  la  altitude,  the 
change  In  the  pressure  surrounding  the  diaphragm  lags  the  pressure 
change  Inside  the  diaphragm*    When  there  is  a  change  In  static  pressure, 
the  flotf  o£  air  to  and  from  the  inside  o£  the  diaphragm  Is  unrestricted* 
Air  movement  to  the  outside  of  the  diaphragm  Is  restricted  or  slowed 
down  by  the  dlffuser  valve*    This  causes  a  differential  pressure,  and 
the  diaphragm  senses  this  difference  and  moves  the  pointer  to  indicate 
the  rate  of  altitude  change* 

The  figure  below  shows  what  occurs  In  a  climb*    As  the  aircraft 
gains  altitude,  the  pressure  Inside  the  diaphragm  decreases*  The 
pressure  outside  of  the  diaphra^n  Is  changing  at  a  slower  rate*  Since 
this  change  is  restricted  by  the  dlffuser  valve,  the  presarire  on  the 
outside  of  the  diaphragm  Is  greater  than  the  pressure  on  the  Inside  of 
the  diaphragm*    As  a  result*  the  diaphragm  contracts*  causing  the  pointer 
to  move  1^  a  cloclwlse  direction*  indicating  a  clinkb* 


1*     Circle  the  letter(s)  that  Identify  the  correct  statement(s) * 

a*     The  pressure  change  in  the  diaphragm  lags  the  pressure  change 
surrounding  the  diaphragm* 

b*     The  aircraft  changes  altitude,  the  pressure  change  surrounding 
the  diaphragm  lags  the  pressure  change  in  the  diaphragm* 

c«     The  pointer  indicates  the  altitude  of  the  aircraft* 

d«     The  sensitive  diaphragm  measures  differential  pressure* 

e*     The  lag  In  pressure  Is  caused  by  a  restriction  In  the  airflow 
to  and  from  the  inside  of  the  diaphragm* 


\ 


STATIC  PRESSURE  IHLET 
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Frame  6  (ContM) 

Circle  the  letterCs)  that  identify  the  correct  statement (s) * 

2.      In  a  climb,  the  pressure  on  the  outside  of  the  diaphragm  is: 

a*     greater  than  pressure  inside  the  dlaphragpi. 

b.     less  than  pressure  inside  the  diaphragm* 

c*     equal  to  the  pressure  inside  the  diaphragm* 

d*     referred  to  as  a  lagging  pressure. 

Answer  to  frame  5:    1*  ,b 
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Frame  7 

The  figure  below  shows  that  vlch  a  decrease  In  altitude  (dlve)» 
che  pressure  In  the  dlaphra^  Increases  at  a  faster  rate  than  the 
pressure  surrounding  the  diaphragm  because  of  che  dlffuser  valve. 
The  diaphragm  expands »  moving  the  pointer  counterclockwise*  providing* 
a  dive  Indication. 


STATIC  PRESSURE  INLET 


1.     Circle  the  letter(s)  of  the  correct  stateiiient(s) . 

a.  In  a  dlve»  the  diaphragm  contracts  and  the  pointer  moves 
counterclockwise. 

b.  In  a  dive*  the  diaphragm  expands  and  the  pointer  moves 
counterclockwise. 

c.  When  the  aircraft  returns  to  a  level  flight*  the  pressure 
surrounding  the  diaphragm  and  the  diaphragm  pressure  will 
equalize. 

d.  In  a  dlve»  che  diaphragm  expands  and  the  pointer  moves 
clockwise. 

e.  In  a  climb*  the  diaphragm  expands  and  the  pointer  moves 
clockwise. 

f.  In  a  cliibbt  the  diaphragm  contracts  and  the  pointer  moves 
clockwise. 


Answers  to  frame  6:  1.    b  St  d       2.    a  &  d 
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Frame  8 


The  temperature  compensating  unit  delays  tesoperature  change 
liLslde  the  Indicator »  thereby  preventing  unwanted  pointer  moveineut. 
This  refers  to  temperature  changes  surrounding  the  * Indicator .  The 
unit  does  not  cotopensate  for  ambient  (outside)  air  temperature  changes. 
The  temperature  compensating  unit  is  a  themtos  container*    Study  the 
drawing  for  this  frame  to  see  how  this  thermos  container  is  mounted  In 
the  indicator.    Wlthou:;  any  m*thod  of  temperature  compeusatlo-i*  a 
change  in  temperature  surrounding  the  indicator  would  affect  the 
operation  of  the  indicator  by  creating  a  differential  pressure. 


GASKET 


SPfflNO  CUSHtOH  ASSEMBLY 
Circle  the  letter  that  Identifies  the  correct  anstfer(s) . 

1.  The  thermos  container  In  the  Indicator 

a.  prevents  outside  tempers ".ure  changes. 

b.  causes  unwanted  pointer  movement. 

c.  prevents  unwanted  pointer  movement. 

d*     delays  temperature  changes  in  the  Indicator. 

2.  The  temperature  compensator  In  the  Indicator  is  the 

a.  bimetallic  coupling. 

b.  pressure  sensitive  diaphragm. 

c.  container  assembly. 

d .  thermos^ont  ain  er  * 


Answers  to  frame  7;    1.    b»  c»  and  f 
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Frame  9 


The  spring  cushion  assembly^  shown  In  che  llluscratloa  belov» 
holds  the  chermos  tight  against  a  rubber  gasket  and  serves  as  a 
sliock  absorber.    This  protects  the  glsss  thennod  from  breaking  due 
to  vibration  of  the  indicator  when  It  Is  Installed  in  the  aircraft 
ins truflieat  panel.    A  cracked  thermos  container  will  result  la  equalized 
presaura  on  both  sides  of  the  pressure  sensitive  diaphragm.    Result — 
no  pointer  movemant  on  the  indicator. 


RUBBER  GASKET 


THERMOS  COWTAJNER 
(Temperature  Compeasating  Unit) 


SPRIMO  CUSHfON  AS3£MBUr 


Clrcla  the  correct  statement(s) . 

1.     The  purpose  of  the  spring  cushion  assembly  is  to 

a.  prevent  unwanted  pointer  movement. 

b.  prevent  the  thermos  from  breaking  when  the  indicator  Is  drcppeu. 

c.  protect  the  thermos  from  damage  due  to  vibration. 

d.  hold  the  thermos  tight  against  a  rubber  gasket. 
Answers  to  frame  8;    1.    c  &  d        2.  d 


i 
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Frame  10 


Mtechanlcal  devlcea  are  Installed  to  prevent  damage  to  the  pressiire 
sensitive  diaphragm  should  the  vertical  speed  (climb  or  dive)  of  the 
aircraft  exceed  tiie  range  of  the  Indicator.    The  indicator  uses  an 
overpressure  diaphragm  with  a  relief  valve.    Refer  to  the  lllustratloa 
below. 


Circle  the  letter  that  Identifies  the  correct  answer. 

1.     The  purpose  of  the  overpressure  diaphragm  and  relief  valve  Is  to 

a.  stop  the  pointer  at  zero. 

b.  prevent  damage  to  the  thermos  container. 

c.  prevent  damage  to  the  dlffuser  valve. 

d.  prevent  damage  to  the  pressure  sensitive  diaphragm. 

Answer  to  frame  9:    I.    c  &  d 


•U30 
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Frame  11 

A  zero  pointer  adjustment  screv  Is  located  on  the  front  ot  the 
Indicator.    This  screv  Is  used  to  set  the  pointer  on  zero  to  correct 
£or  secular  error*    The  error  is  caused  mainly  by  internal  stresses 
and  wear  o£  the  indicating  mechanism*    This  can  cause  the  pointer 
to  be  o££  the  zero  marlc«    Refer  to  the  illustration  beXow  for  the 
location  ot  various  components  of  the  rate  of  climb  Indicator. 


^M^\\\\VA\\\\\\\\\\\\\\^^^ 


MCTAL  PLAXe 


FOtNTCR 
COVER  GLASS 
SNAP  RING 

GASxrr 


ZEHO  POtNTCR 
^  SCDCW 


LLARY  TU6C 


0V£R-FR£5SUR£/h 
OIAPHRMM  ^ 


J     lui       ^  R6UEF 


STATIC 
INLET 
NIPPLE 


T 


5\\\\>\\V\V\\\V\\V\\V\\^^^ 


\  / 

THERMOS    .  /  SPDING 


CUSHION 


GASKET 


Circle  the  letter  that  identifies  the  correct  answer. 
1,     The  pointer  may  be  reset  to  "iero"  by  turning  the 

a*     zero  adjustment  screw  located  on  the  back  of  the  Indicator* 

b«     error  knob« 

c«     reset  knob* 

d«     zero  adjustment  screw  located  on  the  Eront  of  Indicator* 

Answer  to  frame  10 1  1«  d 
Answer  to  frame  lit    1«  d 
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Part  I 
Section  C 
ALTIMETER 


Frame  1 


The  purpose  of  che  altlmecer  Is  to  Indlcace  the  altlcude  of 
the  aircraft,  In  feet,  above  or  below  sea  1 e vel >    To  do  this  properly, 
the  alcimeter  Is  connected  to  the  pltot  static  system  and  uses 
static  pressure  only  for  operation* 

Circle  the  letter  of  the  correct  answer  below* 

1*     What  Instrument  uses*statlc  pressure  to  give  an  indication  of 
feet  above  or  below  sea  level? 

a.  Altimeter* 

b.  Vertical  velocity  Indicator* 
c*  Airspeed  indicator* 

d*  True  airspeed  Indicator* 


1132 
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Frame  2 

The  eleioent  in  the  altlmeCer  case  thac  senses  the  stacic  pressure 
is  Che  sensitive  aneroid.    There  is  ustially  oore  Chan  one  aneroid  so 
thac  greacer  accuracy  can  be  obtained.    The  sensing  aneroids  expand  and 
contracc  with  a  change  in  pressure.    The  sensing  aneroids  are  sealed 
to  a  near  perfect  vacuum.    Only  static  pressure  that  surrounds  the 
aneroids  in  the  instrument  case  affect  expansion  or  contraction  of 
the  aneroids.    The  aneroids  measure  absolute  pressure;  that  pressure 
above  or  below  a  2ero  reference  (that  being  the  vacuum  inside  the 
aneroid) . 

Circle  the  letter  of  the  correct  answer  below. 

1.  The  elements  that  sense  static  pressure  in  the  altimeter  are 

a.  aneroids. 

b.  diaphragms. 

c.  bclXowS. 

d.  pressure  sensitive  bellows. 

2.  The  altimeter  uses  what  type  of  pressure? 

a.  Static  pressure  only. 

b.  Pltot  and  static  pressure. 

c.  Impact  pressure  only. 

d.  Impact  pressure  plus  static  pressure. 
3.      The  aneroids  measure  what  type  of  pressure? 

a.  Fitot  and  static  pressure. 

b.  Static  pressure  only. 

c.  Absolute  pressure. 

d.  Impact  pressure. 

Answer  to  frame  1 
1.  a 
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Frame  3 


The  aneroids  of  an  altimeter  respoad  to  changes  In  static  pressure 
as  shown  In  the  illustration  below*    An  increase  In  pressure  causes  the 
aneroid  co  contract »  whereas  a  decrease  in  pressure  causes  the  aneroid  to 
expand* 


INCREASE  IN  PflESSURE 


Using  the  above  illustration,  circle  the  correct  answer(s)  below, 
1.     The  aneroids  of  an  altijDeter  will 

a.  e^cpand  with  a  decrease  in  static  pressture. 

b.  expand  with  an  increase  in  static  pressure. 
c*     contract  with  a  decrease  in  static  pressure* 
d.     contract  with  a  decrease  in  pltot  pressure* 

Answer  to  frame  2 
1.    a    2.    a    3*  c. 


OCCREA$e  IN  PRESSURE 
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Frame  4 


When  the  aneroldd  expand »  the  pointers  of  the  altimeter  rotate 
clockwldet  Indicating  an  increase  In  altitude  (refer  to  Illustration 
below).    When  the  aircraft  decreases  altitude  the  aneroids  will  contract 
causing  the  pointer  to  indicate  a  decrease  In  altitude. 


Using  the  above  illustrationt  circle  the  correct  an3wer(s)  below* 

I4     The  expansion  of  the  aneroids  will  cause  the  pointer  to  indicate 

a*      an  Increase  in  altitude^ 

^.      an  increase  in  pressure* 

c*      a  decrease  in  altitude. 

d*      an  increase  in  pressure  and  altitude* 

^^:^er  to  frame  3 
1*  a 
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Frame  S 

Circle  the  correct  answer  to  the  following  questions. 

1.     The  sensitive  elements  of  the  altiineter  which  sense  static 
pressure  are  called: 

a.  aneroids. 

b.  diaphragnis. 

c.  bellows. 


2.  If  the  static  pressure  increases  around  the  altimeter  aneroids, 
the  pointers  would 

a.  move  upscale  (increase  in  reading). 

b.  move  downscale  (decrease  in  reading), 

c.  reinai^n  the  same. 

3.  With  an  increase  in  altitude,  what  happens  to  static  pressure? 

a.  The  pressure  stays  the  same. 

b.  The  static  pressure  Increases. 

c.  The  static  pressure  decreases, 
^^nswer  to  frame  4 
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Frame  6 


So  fai  you  have  covered  the  purpose  of  che  alcliaecer^  its  sensing 
elemenc »  and  che  effecc  of  pressure  changes.    Mow  you  will  learn  how 
CO  read  che  altimeter.    Reading  the  chree  poincer  altimeters  is  easy  if 
you  remember  to  read  the  criangular  cipped  (inverced)  pointer  firsts  che 
intermediate  (short)  poincer  next»  and  the  long  poincer  last. 


HO  RESPONSE  KEQCntED. 

Answer  to  frame  5 

1.    a       2.    _b       3.  c 
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Frame  7 


Refer  to  the  lll^istratlon  below.    The  Inverted  pointer  (C)  indicates 
^tens  o£  thousands  o£  feet^  the  intermediate  (A)  (short)  pointer 
indicates  thousands  of  £eet^  and  the  long  (B)  pointer  indicates  hundreds 
o£  feet. 


Using  the  illustration  as  a  reference^  match  the  pointers  in  column  B 
with  their  purpose  in  column  A. 


1., 
3. 


indicates  '  indreds  of  feet.  a. 

indicates  thousands  of  feet.  b. 

indicates  f^st  of  thousands  c. 
of  feet. 


B 

intermediate  pointer 
long  pointer 
inverted  pointer 
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Frame  8 


When  reading  the  altljneter^  you  read  It  la  the  followlag  manner*  The 
Inverted  and  short  pointers  are  read  to  the  last  whole  number*    Look  at 
the  Inverted  pointer  below»  It  Is  between  the  1  and  2  so  you  read  the  1* 
Iftien  reading  the  Inverted  pointer^  each  whole  number  equals  10^000  ^eet* 
Reading  the  Illustration  below»  the  Inverted  pointer  la  Indicating  10^000 
feet*    The  9hort  pointer  below  Indicates  In  thousands  of  feet  and  since 
It  is  not  quite  on  the  4»  the  short  pointer  Indicates  3»000  feet*  Every 
Increment  Is  read  on  the  long  pointer  and  each  Increment  Indicates  20 
feet*    In  the  Illustration  belov^  the  long  pointer  Indicates  960  feet* 
To  get  the  total  altimeter  readings  find  the  sum  of  each  of  the  pointers* 
Example:    10,000  -K  3,000  -K  960  -  13,960  feet* 


Head  the  dial  below  and  fUl  In  the  blank  spaces  below* 


a* 
b* 
c. 

d. 


The  Inverted  pointer  Indicates 

The  short  pointer  Indicates   

The  Icng  pointer  indicates   


feet. 


feet. 


feet* 


The  total  Indication  (altimeter  reading)  la 
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Mswers  to  £rame  7 

1,     b        2.    a  3. 

Frame  9 

Read  the  following  dials  and  enter  the  altiiseter  readings  In  the 
spaces  provided. 


3.    4.  

Answers  to  fraxne  8 

a,    20.000^     b,    5.000*       c,    960'       d,  25,960* 
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Frame  10 


If  you  missed  two  or  niore  readings  In  frame  9 »  go  to  frame  11 
an;l  revlev*    If  you  missed  one  or  less^  proceed  to  frame  13* 

Answers  to  frame  9 


Tou  9e6m  Co  be  having  croitblt,^  reading  the  altimeter »  so  look  at 
the  altimeter  again.    Jn  the  Illustration  below^  take  a  look  at  the 
dial*    The  Inverted  pointer  indicates  10,000*  and  Is  multiplied  by  the 
last  whole  number.    (Example:    10^000'  X  1  «  10^000',)    The  next 
pointer  Is  the  short  pointer  which  indicates  1^000'  multiplied  by 
the  last  whole  nuisber  (1^000*  X  3  «  3^000')*    The  long  pointer  Is  the 
100'  pointer  and  must  be  multiplied  by  the  last  numbered  increment 
that  It  has  passed.    (Example:    100'  X  9  «  900' t)    Also  with  the 
long  pointer*  and  only  the  long  pointer ^  you  read  the  Increments* 
Each  Increment  Is  equal  to  20  feet.    Since  the  pointer  Is  on  the  3d 
increment  past  the  9»  the  hundred  foot  pointer  Is  Indicating  960*. 
How  add  the  three  pointer  Indications  and  you  have  the  correct  altimeter 
reading*    Example;    10,000*  +  3,000*  +  960*  •  13,960'- 

HO  RESPONSE  HEQUIKED 


1,  29,750' 


45,250* 


25,960' 


8,120' 


Frame  11 


45. 
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Frattu^  12 

Read  the  following  dials  and  enter  the  altluieter  readings  in  the 
spaces  provided  b^low* 


4.    5.    6*   

If  you  know  how  to  read  the  altlineter,  proceed  to  frame  13  and 
continue  with  the  programmed  text.    If  you  are  still  having  difficulty > 
see  your  instructor « 

Anst^er  to  frame  11 

NO  RESPOKSE  REQaiRED  1  2^42 
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Frame  13 


and  ll  Zrl^ii  lt       ^       '^J*  indications  you  read  In  frames  9 
and  il  were  all  above  sea  leveX.    Suppose  now  the  aircraft  7^  f1„^- 

Sie^Tti^n/T''    ^.'^  r  thraltWe^'L'Sr^gat'^vf 
^St    t^I  altimeter  starting  with  the  Inverfed  pointer 

first,  the  short  pointer  next»  and  the  long  pointer  last.    To  read 
the  pointers  In  the  negative  direction  we  Mad  the  pointers  In 
manner  but  with  one  i„portant  change.    We  ^st'SSspose  the 

eS:"o"u^:r1^  TT'''  alne  S  one"  ^er 

eigat  to  number  two,  auaber  seven  to  number  three  and  so  on     aii  *u 


NO  RESPONSE  REQUIRED, 
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Frame  lA 


Another  part  of  the  altimeter  face  is  the  barber  pole  (cross- 
hatch)  as  shown  in  the  illustiation  below.    The  barber  pole  is  a  low 
altitude  warning  symbol  that  is  in  view  below  16,000  feet  and  disappears 
from  view  whea  the  aircraft  is  between  16,000  and  17,000  feet. 


Using  the  above  illustration,  circle  the  correct  answerCs)  below. 
1.      The  barber  pole  is  visible  between 

a.  271  feet  to  15,978  feet. 

b.  17,000  feet  to  28,127  feet. 

c.  25,000  feet  to  26,000  feet. 

d.  -126  feet  to  15,999  feet. 
Answer  to  frame  12 

1.  29,750  feet.  2.  45,250  feet.  3.  25,960  feet. 
A.       8,120  feet.      5.      25,050  feet.       6.      22,150  feet. 

1144 
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Frame  15 


The  Barometric  (Baro)  scale  on  the  face  of  the  altimeter  shown 
below  ±a  used  to  indicate  a  reference  point  that  Is  set  into  the 
altimeter.    The  barometric  scale  is  calibrated  in  inches  of  mercury 
which  is  abbreviated  '*Hg". 

Circle  the  correct  answer(s)  below. 

1.     The  purpose  of  the  baro  scale  is  to 

a*      indicate  altitude. 

b*      act  as  a  warning  device* 

c*      Indicate  a  reference  point* 


eAROMETRIC  SCALE 


i^swer  to  frame  14 
1.     a,  d 
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Frame  16 


The  altimeter  Is  sliailar  to  a  clock,    flo  matter  how  precise  it  Is, 
It  tniBt  be  correctly  set  to  provide  a  correct  altitude  Indication. 
The  altimeter  has  a  barometric  set  knob  which  Is  shown  In  frame  13 
Illustration.    This  knob  Is  used  to  set  the  correct  reference  point 
in  the  altimeter. 

Circle  the  correct  answer  below. 

1.     Uhat  Is  used  to  set  the  correct  reference  point  on  the  barometric 
scale? 

a.  Set  screw. 

b.  Barometric  set  knob. 

c.  Barometric  scale. 


ibtswer  to  frame  15 


c 
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Frame  17 


The  altdjneter  *3  pointers  Indicate  the  altitude  above  the  reference 
point  placed  on  the  barometric  scale*  The  barometric  scale  never  moves 
except  when. the  barometric  set  knob  Is  turned* 

Circle  the  correct  auswer(s)  below* 

1*     A  change  In  altitude  will  cause  the 

a*     barometric  scale  to  move* 

b*     pointers  and  barometric  scale  to  move* 

c*     pointers  to  move* 

Answer  to  frame  16 
1*  b 
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Frame  18 


The  barometric  (baro)  set  knob  locking  screw  is  located  above  the 
baro  set  knob  as  shovn  In  frame  15.    This  screw  Is  used  to  unlock  the 
baro  set  knob.    Thi3  allows  you  to  pull  the  baro  set  knob  out  and 
perform  an  altimeter  setting  adjustment  which  is  explained  in  detail 
in  WB-301B. 


NO  RESPONSE  REQUIRED 

Answer  to  frame  17 
1.  c 
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Frame  19 


Hatch  the  names  of  the  components  parts  In  column  A  to  the  letters 
on  the  Illustration,  by  placing  the  appropriate  letter  In  the  space 
provided* 


Column  A 

 ^1.  Tens  of  thouflands  of  feet  pointer. 

 2.  Thousands  of  feet  pointer - 

 ^3.  Hundreds  of  feet  pointer. 

  Baro  set  knob. 

 5.  Barometric  scale. 

6.  Set  screw. 

7.  Barber  pole. 

Answer  to  frame  IS 
WO  RESPONSE  REQUIRED 
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Frame  20 


There  are  two  main  reference  points  normally  used  in  setting  the 
altimeter.    Th^  are  sea  level  pressure  for  the  barotaetrlc  sc^le  and 
field  elevation  for  the  pointers. 

Circle  the  correct  answerCs)  below. 

1.     The  reference  points  normally  used  in  setting  Che  altimeter  are: 

a.  barometric  presoure  and  sea  level  pressure. 

b.  pressure  altitude  and  barometric  pressure, 
c*     sea  level  pressure  and  field  elevation. 

d.      local  pressure  and  pressure  altitude. 

Answers  to  frame  19 

1.      F        2.      G        3.      E         41b         S.      D         6.  7.  _C 
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Frame  21 


Sea  level  Is  the  average  height  of  all  large  bodies  of  water 
between  high  and  loi#  cides.    This  is  designated  "0"  feet.         is  a 
connaon  reference  point  for  altitude  and  pressure.    On  a  standard 
day  Che  pressure  at  sea  level  is  29.92'*  Hg  and  the  temperature  is 
15'C.    It  is  to  these  standard  conditions  that  the  altimeter  is 
calibrated. 

Circle  nhe  correct  answer(s)  below. 

1.     The  elevation  of  sea  level  on  a  standard  day  is: 

a.  -ICOO  feet. 

b.  "0"  feet. 

c.  100  feet. 

d.  29.92**  Hg. 

2*     The  pressure  at  sea  level  on  a  standard  day  is: 

a.  '*0"  feet. 

b.  29.V2"  Hg. 

c.  22.22*'  Hg. 

d.  100  feet. 

3.     The  average  height  of  all  large  bodies  of  water  between  high 
and  low  tides  is  called: 

a.  pressure  altitude. 

b.  sea  level. 

c.  altinieter  setting. 

d.  local  pressure. 

Answer  to  frame  20 
1.  c 


Frame  22 

Pressure  altitude  is  the  surrounding  atmospheric  pressure  expressed 
in  feet  and  is  indicated  on  the  calibrated  altimeter  pointers  when  the 
baromtric  scale  is  set  to  29.92  inches  of  mercury  C**Hg). 

Circle  the  correct  answerCs)  below. 

1.  The  definition  of  pressure  altitude  is 
a.      sea  level. 

b*     surrounding  atmospheric  pressure  expressed  in  £eet» 
c»      local  pressure. 

2.  If  the  barometric  scale  of  a  calibrated  altimeter  is  adjusted 
to  29.92**  Hg»  the  pointers  always  indicate 

a.  altitude  above  sea  level* 

b.  pressure  altitude. 

c.  sea  level. 


Answers 


to  frame  21 


1. 


b 


2. 


b 


3. 


b 
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Frame  23 

Local  pressure  Is  the  siirroundlng  atmospheric  pressiire,  obtained 
from  a  barometer,  and  Is  expressed  In  Inches  of  mercury. 

Select  the  correct  answer(s)  bolow. 

1.  The  surrounding  atmospheric  pressure  stressed  In  Inches  of  mercury 
Is  called 

a.  sea  level. 

b.  pressure  altitude, 
^c.     local  pressure. 

2.  Pressure  altitude  converted  Into  inches  of  mercury  Is  called 

a.  local  pressure. 

b.  sea  level. 

c.  pressure  altitude. 

Answers  to  frame  22 
1.    b        2.  b 
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Frame  24 


Whea  the  altimeter  is  adjusted  correctly*  the  existing  sea  level 
pressure  is  set  on  the  barometric  scale  and  field  elevation  ia  set  on 
the  altliaeterU  pointers*    The  definition  of  altimeter  setting  is  local 
pressure  corrected  to  the  existing  sea  level  pressure* 

Select  the  correct  ansifer  below* 

1*     Local  pressure  corrected  to  the  existing  sea  level  pressure  Is 
called 

a*     pressure  altitude* 
b*     altimeter  setting* 
c*     local  pressiire* 
d*     aes  level* 

Answers  to  frame  23 
1*    c      2*  a 


ilS'l 
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1  - 

Frame  25 

# 

Field  elevation  is  defined  as  the  surveyed  elevation  of  a  tract 
of  land  above  or  below  sea  level.    Another  way  to  state  it  is,  the 
actual  height  of  the  runway  above  sea  level. 

Circle  the  letter  of  the  correct  answer  below. 

1.     The  surveyed  height  of  a  tract  of  land  above  or  belo;/  see  level 
is  called 

a.  pressure  altitude. 

b.  field  elevation 

c.  sea  level. 


Answer  to  Fraiae  24; 
1.  b 

Answer  to  Frame  23: 
1,  b 


Part  I 
Section  D 

MAXIMUM  ALLOWABLE  AIRSPEED  INDICATOR 


Frame  1 


The  Air  Force  uses  many  different  types  of  airspeed  indicators^ 
but  all  operate  on  the  seme  basic  principles*  The  maximum  allowable 
airspeed  indicator  has  two  separate  sectiryns»  (1)  the  indicated  air* 
speed  section  and  (2)  the  maximum  allowable  airspeed  section* 

By  studying  each  section  of  the  maximum  allowable  airspeed 
indicator^  all  basic  principles  of  operation  will  be  covered* 

Circle'  the  letter  that  identifies  the  correct  answer* 

1*     How  many  separate  sections  are  in  the  maximum  allowable  airspeed 
indicator? 

a*  1* 

b*  2* 

c*  3* 

d*  4* 
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INDICATED  AIRSPEED  SECTION 

Frame  2 

Ttfo  of  the  i&ost  Important  flight  characteristics  of  an  aircraft 
are  (1)  the  minimum  takeoff  and  landing  speed  and  (2)  the  maxiomm 
speed  the  aircraft  may  fly  without  causing  structural  damage  or  loss 
of  control. 

The  purpose  of  the  Indicated  airspeed  section  is  to  display  the 
airspeed  of  the  aircraft  without  correction  for  temperature  or  altitude. 
This  uncorrected  airspeed  is  called  Indicated  airspeed. 

Th£  Indicated  airspeed  will  aid  the  pilot  In  determining  vhen  he 
has  reached  his  minimum  takeoff  speed*  minimum  landing  speed*  or  maximum 
.allowable  airspeed. 

Exaorple;    If  the  alrcraft*a  minimum  takeoff  speed  is  130  knots*  then 
the  pilot  must  be  able  to  detetmine  when  he  has  reached  his  takeoff 
speed  of  130  knots*    The  Indicated  airspeed  section  wUl  display 
the  indicated  airspeed  of  the  aircraft. 

Circle  the  letter  that  Identifies  the  correct  answer. 

1*     What  is  the  purpose  of  the  Indicated  airspeed  section? 

a*     Measure  true  Htch. 

b.     Display  true  airspeed. 

c*     Display  Indicated  airspeed. 

d*     Heasure  maximcum  allowable  airspeed* 
Answers  to  frame  1: 
1.  b 


1  f  ^ 
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Frame  3 


The  indicated  airspeed  section  baa  a  dial  marked  in  10  knot  increments 
and  a  rotating  drum  that  la  marked  in  2  knot  increnhents .    The  rotating 
drum  aids  tbe  pilot  In  reading  the  indicator  quickly  and  accurately* 

The  large  numbers  represent  hundreds  of  knots.    In  the  figure 
beloVf  the  solid  white  pointer  (indicated  airspeed  pointer)  is  past  the 
400  knot  reading  but  before  the  SOO  knot  reading*    The  rotating  drum  is 
Indicating  30  knots  with  respect  to  the  reference  mark*    Therefore  the 
indicator  Is  displaying  an  Indicated  airspeed  of  430  knots. 

Notet    It  Is  easier  to  read  the  rotating  drum  than  to  count  the 
lnc;ce9ents  between  the  large  numbers  * 


REFERENCE  MARK 

\  01AL(X3KNanNCREMENTS) 


RQTATItO  DRUM 
(2  KNOT  INCREMENTS) 


INDICATED  AIRSPEED  POtNTER 


Mswer  to  frame  2: 


1* 


c 


1158 
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Read  and  record  che  positioa  of  the  iodicaced  airspeed  poiacer  In 
each  of  the  following  examples.    Place  your  answers  in  the  spaces  provided. 


1. 


knots 


2. 


knots 


O   ^\  o 

V  6mniT]uii|i|l  O 


1^5 


2-- 


V       100  KHOTTS 

o  O — <^  o 


3. 


knots 


4. 


*   *  knots 
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Frame  4 

The  indicated  airspeed  reading  is  a  direct  result  of  pressures 
acting  on  the  sensing  element.    A  component  capable  o£  detecting  a 
change  is  called  a  sensing  element.    The  sensing  element  of  the  indicated 
airspeed  section  is  the  airspeed  diaphragm.    The  airspeed  diaphragm  is 
capable  of  detecting  a  change  in  the  aircraft's  speed  by  sensing  pressure 
changes. 

Circle  the  letter  that  identifies  the  correct  answer. 

1.  What  is  the  sensing  element  of  the  indicated  airspeed  section? 

a.  Aneroid. 

b.  Airspeed  diaphragm. 

c.  Airspeed  indicator. 

d.  Absolute  mechanism. 

2.  What  is  the  purpose  of  the  indicated  airspeed  section? 

a.  Measure  true  mach. 

b.  Display  true  airspeed. 

c.  Display  indicated  airspeed. 

d.  Iteasure  "r^-p"""  allowable  airspeed. 

Answers  to  frame  3: 

1.    546  knots     2.    522  knots     3.    148  knots     4.    464  knots 


ILGD 
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Frame  5 


How  does  an  airspeed  dlaphraga  detect  a  change  In  the  alrcraft^s 
speed?    The  programmed  text^  The^  Pltot  Static  System*  referred  to 
pltot  pressure  as  total  pressure.    Pltot  pressure  la^  total  pressure. 
The  terms,  "pltot"  and  "total"  may  be  used  Interchangeably.    Xn  the 
programmed  text  you  learned  that  pltot  pressure  was  made  up  of  static 
pressure  and  Impact  pressure. 

PITOX  (TOTAL)  PRESSURE     -    STATIC  PRESSURE  +  IMPACT  PRESSURE 
(Pt)  «  (Ps)        +  (Qc) 

Pt  *  Ps  +  Qc 

Therefore^  If  total  pressure  Is  sent  to  the  Inalde  of  the 
airspeed  diaphragm*  static  pressure  and  Impact  pressure  are  inside 
the  diaphragm.    (See  the  illustrations  below.) 

Keep  In  mind  that  Pt  Ib  equal  to  Ps  +  Qc. 


DIAPHRAGM  "a"  DIAPHRAGM  "B" 


Circle  the  letter  that  Identifies  the  correct  answer. 
1.     Which  of  the  following  terms  describes  Ps  +  Qc? 

a.  Total  pressure. 

b.  Static  pressure. 

c.  Impact  pressure. 

d.  Differential  pressure. 


2.      If  you  had  a  bottle  ftxll  of  total  pressure,  what  pressure/s  would 
be  on  the  Inside  of  the  bottle? 

a*  Static  pressure* 

b*  Impact  pressure* 

c*  Static  pressure  plus  impact  pressure* 

d*  Static  pressure  minus  impact  pressure* 

Answers  to  frame  4: 
1.    b.      2.  c* 
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Frame  6 

The  Indicated  airspeed  section  uses  pltot  and  static  pressure 
Inputa.    When  the  case  of  the  indicator  Is  filled  with  static  pressure 
from  the  pltot-statlc  system*  the  static  pressure  will  surround  the 
airspeed  diaphragm,  as  shovm  below. 


CASE  (AJfrriGHT) 

RSPEEO  DIAPHRAGM 
Pt  OF  9  POUNDS  PER  sa  IN. 


f}"'  ^fOS^^  OP  ^  POUNDS  PER  SO.  IN. 


Example:    M  aircraft  la  maintaining  a  constant  altitude  of  32*000 
feet  and  a  constant  speed  of  400  knots.    At  32*000  feet  the  static 
pressure  la  4  pounds  per  square  inch.    If  the  alrcraft^s  pltot 
pressure  la  9  psl.  It  Is  made  up  of  4  psl  static  pressure  and  5  psl 
of  Impact  pressure  produced  hy  the  aircraft's  forward  movement.  The 
figure  above  will  show  how  these  pressures  affect  the  airspeed 
*  diaphragm* 

Ps  Inside  the  diaphragm  and  Ps  on  the  outside  of  the  dlsphragm  are 
equal.    If  one  Ps  value  changes,  the  other  must  also  change  because  they 
boch  come  from  the  same  air  outside  the  aircraft.    With  Ps  on  the  Inside 
of  the  diaphragm  being  equal  to  the  Ps  on  the  outside  of  the  diaphragm, 
the  pressures  will  effectively  cancel  each  other.    The  expansion  of  the 
diaphragm  in  the  figure  ahove  Is  completely  due  to  the  pressure  being 
applied  to  the  interior  mil  of  the  airspeed  dlaphragoi  by  the  S  Psi  of 
Impact  pressure.    The  airspeed  diaphragm  is  measuring  a  differential 
pressure.    It  la  measuring  the  difference  between  static  pressure  and 
pltot  pressure.    As  the  aircraft  goes  faster^  Impact  pressure  Increases. 
Aa  Qc  increases  so  does  the  indicated  airspeed.    The  figure  on  the  next 
page  ahows  the  airspeed  diaphragm's  expansion  and  contraction    and  its 
effect  on  the  airspeed  pointer. 
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THIS  SIDE  OF 
THE  OIAPHRAOM 
tS  ATTACHE  TO 
tHE  CASE  OF  tHE 
INDICATOR. 


oorrrRAcr 


INOICATEO 

AIRSPEED 

POtNTER 


i 


DOWNSCALE 
(COUNTER-OOCKWtSE) 


MECHANICAL  UNKAOE 
TO  AIRSPEED  POINTER 
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Circle  the  letter  that  identifies  the  correct  answer. 

1.  A  contraction  la  the  sl2e  of  the  airspeed  diaphragm  will  cause 
the  Indicated  airspeed  pointer  to 

a«     move  upscale « 

b.  move  dovnscale. 

c.  move  clockwise « 

d*      remain  at  Its  last  Indication. 

2.  Aa  the  aircraft  goea  faster^  Qc  vUl 

a«  decrease  and  cause  the  sensing  element  to  expand* 

b«  Increase  and  cause  the  sensing  element  to  expand* 

c«  decrease  and  cause  the  sensing  element  to  contract* 

d«  Increase  and  cause  the  sensing  element  to  contract. 

3«     What  type  of  pressure  Is  measured  by  the  sensing  element  of  the 
Indicated  airspeed  section? 

a«  Absolute  pressure* 

b*  Senal£:lve  pressure « 

c*  Slfiterential  pressure* 

d*  Absolute  and  differential  pressure* 

4.     Jlhen  Fs  Inside  the  diaphragm  and  Ps  outside  the  diaphragm  cancel  ' 
each  other»  v'l^  c  pressure  will  determine  Indicated  airspeed? 

a*  Fitot  pressure* 

b*  Total  pressure* 

c*  Static  pressure. 

d*  Impact  pr'issure. 
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5*     A  differential  pressure  may  be  described  as 

a^     the  sunt  of  two  pressures « 

b*     the  difference  between  two  pressures. 

c^     a  pressure  that  Is  based  on  an  absolute  valuc^ 
6*     What  Is  the  differential  pressure  If  ?t  -  14  psl  and  Ps  -  8  psl? 

a«     4  psl 4 

b^     6  pal. 

c^     16  psl« 
22  pal. 

7.     What  iB  the  differential  pressure  If  Pt  »  23  psl  and  Ps  •  2  psl? 
11  pdl« 
b«     21  psl« 
c*     25  psl. 
d.     27  pal. 

Answers  to  frame  5 
1«    a«       2*  c 


70 


Frame  7 

The  steps  listed  belov  describe  the  movement  of  the  coisponents 
shown  In  the  figure  on  the  next  page. 

Description  of  component  movenent; 

1.  The  airspeed  dlaphragm*s  expansion  or  contraction  will  cause 
shaft        to  move  along  centerXlne  ''CL.^' 

2.  Movement  of  shaft  "A**  will  produce  a  rotation  of  shaft  ^'B'* 
at  pivot  point  **P". 

3.  Shaft  ''B"  will  cause  sector  gear  **X*'  (section  of  a  gear)  to 

move. 

4.  When  sector  gejtr  "X**  moves^  shaft  **C'^  will  rotate  causing 
the  airspeed  drum  to  rotate  and  the  airspeed  pointer  to  move. 

Circle  the  letter  that  Idicntifics  the  correct  answer. 

1.  As  the  airspeed  diaphragm  expanda^  shaft  "B"  will  rotate 

a.  clockwise. 

b.  count  virclockwlse. 

2.  As  the  ^irapeed  diaphragm  expands^  the  rotation  of  shaft  will 
cause  the  indicated  airspeed  pointer  to 

a.  move  clockwise. 

b.  move  counterclockwise. 

c.  remain  at  its  last  indication. 

Answers  to  Frame  6: 

1.    b.      2.    b.     3.    c.      4.  d 

5.    b.     6.    b.     7.  b. 
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Frame  8 

Circle  the  letter  that  Identifies  the  correct  answer. 

1.  Qov  many  separate  sections  sre  In  the  maxlmtm  allowable  airspeed 
Indicator? 

a.  1. 

b.  2. 

c.  3. 

d.  4. 

2.  What  Is  the  purpose  of  the  Indicated  airspeed  section? 

a.  VtiBsuxe  true  mach. 

b.  Display  true  airspeed. 

c.  Display  Indicated  airspeed. 

d.  Haasure  marljnua  allowable  airspeed. 

3.  What  is  the  sensing  element  of  the  Indicated  airspeed  section? 

a.  Aneroid. 

b.  Airspeed  diaphragm* 

c.  Airspeed  indicator* 

d.  Absolute  mechanism* 

4.  What  type  of  pressure  is  tt^astired  by  the  sensing  element  of  the 
Indicated  airspeed  section? 

a.  Absolute  pressure. 

b*  Sensitive  pressure* 

c.  Differential  pressure. 

<1.  Absolute  and  differential  pressure. 
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3t     Wiat  pressures  ara  supplied  to  the  indicated  airspeed  section 
to  allow  the  sensing  element  to  determine  indicated  airspeed? 

a.      Fs  and  Qc. 

b*     Qc  and  Ft. 

c.      Ft  and  Fs, 


d.      Qc  and  Fg. 

6.  Match  the  components  In  Column  2  to  their  functions  in  Colisnn  1, 
Flace  a  number  from  Column  2  opposite  a  letter  in  Column  1, 


Column  1 

Column  2 

a. 

Hoves  the  airspeed  pointer* 

1. 

Aneroid. 

b. 

Is  responsible  for  moving  the 

2. 

Airspeed  drum. 

mechanical  llnluige. 

3. 

Indicator's  case. 

c. 

An  airtight  chamber  where  the 

sensing  element  is  located. 

4. 

Airspeed  pointer. 

d. 

Displays  indicated  airspeed 

5. 

Mechanical  linkage. 

against  a  dial  calibrated  in 

10  knot  Increments. 

6. 

Airspeed  diaphragm. 

e. 

Gives  a  quick  accurate  reading 

of  **between  the  line"  Indications 

of  the  airspeed  pointer. 

In  aunnary,  you  must  remember  that  the  Indicated  airspeed  section 
of  the  marliBum  allowable  airspeed  Indicator  uses  pitot  pressure  (Ft)  and 
static  pressure  C^s}*    The  sensing  element,  the  airspeed  diaphragm* 
measures  a  differential  pressure  that  will  operate  the  mechanical 
linkage.    The  mecbanlcal  linkage  will  move  the  airspeed  pointer  to 
provide  a  readout  of  Indicated  airspeed. 

I£  you  thoroughly  understand  the  operation  of  the  Indicated  air^ 
speed  section,  proceed  to  frame  9  and  begin  the  operation  of  the  maximum 
allowable  airspeed  section. 

If  you  do  not  understand  the  operation  of  the  Indicated  airspeed 
section,  request  assistance  from  your  Instructor. 

Answers  to  frame  7; 

1.    b.     2.  a. 
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MAXIMUM  AULOWABLE  AIRSPEED  SECTID!! 


Frame  9 

The  relationship  of  the  alrcraft^s  speed  to  the  speed  of  sound  Is 
called  macb«    When  the  aircraft  la  traveling  as  fast  as  sound  waves 
travel*  the  aircraft  is  flying  at  one  inach*   Vhea  the  aircraft  la  flying 
half  as  fast  as  sound  vaves  travel »  the  aircraft  is  traveling  at  «5  mach 
(five  tenthd}«    The  aircraft's  flight  manual  will  state  the  maTrfimna  speed 
the  aircraft  may  rly*    This  maxlnun  speed  Is  expressed  In  terms  of  mach 
and  is  called  the  critical  mach  number  (H  crlt)  of  the  aircraft*  The 
critical,  mach  nu&ber»  or  H  crlt»  is  the  speed  the  aircraft  may  fly  wlthr* 
out  experiencing  structural  damage  or  loss  of  control* 

Circle  tha  letter  that  identifies  the  correct  answer* 

1*     The  maxlstua^  speed  the  aircraft  may  fly  without  experiencing  structural 
damage  or  loss  of  control  is  called 

a*  H  and  is  expressed  In  feet« 

b*  H  and  is  expressed  In  knots « 

c«  H  crlt  and  is  expressed  In  mach* 

d*  M  crlt  and  is  expressed  In  knots* 


Answers  to  frame  8: 

1«    b^    2«    c^     3«    b*    4«    c*     3*  c« 

6*    a     5         b*     6  c*     3   d*  4 
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Ftame  10 


The  Air  Force  uses  the  maximum  allowable  airspeed  Indicator  in 
many  different  ty^es  of  aircraft.    These  different  types  of  aircraft 
have  different  H  crlts«    For  example^  a  jet  bomber  lilce  the  B^52 
would  have  a  higher  H  crlt  than  a  propeller  driven  G-130  cargo  plane. 
The  indicator  has  an  adjustment  that  will  allow  the  specialist  to  fit 
the  Indicator  to  a  particular  type  of  aircraft^    This  adjustment  Is 
called  the  mach  number  adjustment. 

Before  InstaUlng  the  Indicator  In  the  aircraft^  the  mach  number 
adjustnnent  must  be  set  according  to  the  tech  order^    Turning  the  adjust- 
ment screw  causes  the  mach  Index  marker  to  realign  on  the  mach  number 
acale^    (See  figure  below^)    When  the  H  crlt  has  been  properly  adjusted^ 
the  maximum  allowable  airspeed  pointer  will  be  displaying  the  H  crlt 
In  knots  4    By  displaying  the  H  crlt  In  knots »  the  pilot  can  compare 
his  maximum  allowable  airspeed  to  his  present  indicated  airspeeds  The 
Indicated  airspeed  pointer  must  never  pass  the  maximum  allowable 
pointer* " 

In  the  figure  below^  the  maximum  allowable  airspeed  pointer  Is 
positioned  at  470  knofs*    The  indicated  airspeed  pointer  Is  displaying 
an  airspeed  of  430  knots*    By  comparing  the  pointers^  it  Is  easy  to 
see  that  the  pllo4:  may  go  an  additional  4G  knots  faster  before  he 
will  have  reached  his  maximum  allowable  airspeed* 


B^IMUM  ALUQWABLE 
AJRSPEEDTOINTER 


MACH  NUMBER^ 
SCALE 


MACH  INDEX  MARKER 

(M  cRrroF*e2  machJ 


INDICATED  AIRSPEED 
POINTER 


MACH  NUMBER  SCALE 
RANGE;  .6  TO  10 


.7  MACH  OP  THE 
MACH  NUMBER  SCALE 
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Read  and  record  the  poaltlon  of  the  maximum  allowable  pointer 
and  the  laach  Indeoc  marker*    Place  your  answers  In  the  spaces  provided* 


1*   knots  2*   knota 

mach  mach 


circle  the  letter  that  Identifies  the  correct  answer. 

1.  What  adjustment  can  be  made  to  fit  the  maxinmm  allowable 
airspeed  Indicator  to  different  types  of  aircraft? 

a.  The  zero  adjustment. 

b.  The  mach  number  adjustment. 

c.  The  airspeed  pointer  adjustment. 

d.  The  zero  setting  adjustment  tox  the  inftxlTiPTn  allowable 
airspeed  pointer. 

2.  The  mach  number  adjustment  screw  la  used  to  adjust  the 

a.  airspeed  pointer. 

b.  mach  index  marker. 

c.  mac&  number  scale. 

d.  mach  number  scale  and  the  airspeed  pointer. 

3.  The  mach  Index  marker  displays  the  aircraft's 

a.  Indicated  airspeed. 

b.  critical  mach  number. 

c.  indicated  mac&  number. 

d.  maximum  allowed  speed  In  knots. 

4.  What  la  the  range  o£  the  mach  nmber  scale? 

a.  .4  mach.  to  .8  mach^ 

b.  .6  mach  to  1.0  mach. 

c.  .8  mach  to  1.2  mach. 

d.  1.0  mach  to  1.4  mach. 
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How  does  the  pilot  determine  when  he  has  reached  his  maximum 
allowable  airspeed? 

a.  The  copilot  will  tell  him. 

b.  The  reduce  speed  li  *    vill  come  In. 

c.  The  pilot  will  radio  to  the  ground  and  ask  for  a  true 
airspeed  reading  from  the  radar  technician. 

d.  The  pilot  will  compare  the  position  of  the  Indicated 
airspeed  pointer  to  the  position  of  the  ma^jpim  allowable 
airspeed  pointer. 

The  mninum  speed  the  aircraft  may  fly  without  eiperlencing 
structural  damage  or  loaa  of  control  is  called 

a.  M  and  is  expressed  In. feet. 

b.  M  and  is  pressed  in  knots. 

c.  H  crit  and  is  expressed  In  mach. 

d.  M  crit  and  is  expressed  In  feet. 


Ansver  to  fxame  9: 
1.  c. 


'176 
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Frame  11 

As  altlttule  Increases  to  approxlinately  36,000  feet,  the  speed  of 
sound  decreases  because  the  air  gets  colder  and  the  sound  waves  do  not 
travel  through  the  ^r  as  £ast*    Therefore,  the  ntaxlmunL  allowable  air- 
speed may  change  even  when  the  M  crlt  or  critical  mach  number  is  held 
constant t 

Example:    If  the  M  crlt  of  an  aircraft  la  *  8  we  would  multiply 
the  speed  of  sound  at  sea  le:vel  times  *8  to  arrive  at  the  fflaWtrnTin 
allowable  airspeed  the  aircraft  may  fly  at  sea  level* 

662  knota  (speed  of  sound  at  sea  level) 
X  t8  mach  (critical  mach  number) 

529*6  knots,  maximum  allowable  airspeed  at  sea  level* 

Butt  xBoat  aircraft  don't  fly  at  sea  level*    They  fly  at  altitudes 
from  a  few  hundred  feet  to  many  thouaands  of  feet  above  sea  level*  An 
aircraft  flying  at  36,000  feet«  is  flying  at  an  altitude  where  the  speed 
of  sound  Is  only  375  knots*    Therefore,  If  his  M  crlt  Is  *8  mach«  then 
his  maaclnum  allowable  airspeed  would  be  460  knots* 

575  knots  (speed  of  sound  at. 36,000  feet) 
X  *8  mach  (critical  mach  number) 

460*0  knots,  maximum  allowable  airspeed  at  36,000  feet* 

The  aircraft's  maximum  allowable  airspeed  at  36,000  feet  Is  70 
knots  less  than  the  maximum  allowable  airspeed  of  an  aircraft  having 
an  Identical  M  crlt  but  flying  at  sea  level* 
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It  would  be  extremely  difficult  for  the  pilot  to  figure  the  change 
ia  maxlmunL  allowable  airspeed  everytine  the  aircraft  changes  altitude. 

To  automatically  figure  any  change  in  the  aircraft^s  maximum 
allowable  airspeed*  the  indicator  has  an  aneroid  that  will  expand  as 
altitude  increases.    The  expansion  of  the  aneroid  will  move  the  maximum 
allowable  pointer  dovnscale  as  the  altitude  increases.    With  any  decrease 
in  altitude^  the  aneroid  will  contract  causing  the  pointer  to  ^>>ve  back 
upscale. 

Circle  the  letter  that  identifies  the  correct  answer* 

1.  Aa  altitude  increasesi  the  speed  of  sound  will 

a.  Increase. 

b.  decrease.  » 

c.  remain  the  same. 

2.  As  altitude  increases^  the  maximum  allowable  airspeed  pointer 
will  move 

a.  upscale. 

b.  downscale. 

c.  clockirise. 
Answers  to  frame  10: 
Indicator  Readings: 

1.     397  knots       2.     470  knots      3.     578  knots       4.     445  knots 
.60  mach  .70  mach  .95  mach  .  67  mach 

tixltiple  choice  questions: 

1.    b.      2.    b.      3.    b.      4.    b.    5.    d.      6.  c 
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Fram  12 

The  steps  liated  below  describe  the  moveinent  of  the  components 
showu  In  the  figure  below* 

Description  of  component  movement: 

1*     The  expansion  or  contraction  of  the  aneroid  will  cause  lever 
"A"  to  rotate  about  shaft  "A'\ 

2*     The  movement  of  leveir  *'A"  will  cause  lever  "B"  to  move  which 
will  cause  shaft        to  rotate* 

3*     The  rotation  of  shaft  "B"  will  cause  sector  gear  **X"  to 
may*  causing  the  maximum  allowable  pointer  to  seek  a  new  position. 
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circle  the  letter  that  Identifies  the  correct  answer. 
1.     As  ?s  decreases  >  the  aneroid  wllL  «i3Cpand  and  cause 

a.  sector  gear  "X"  to  niove  In  a  clockwise  direction  and  the 
maximum  allowable  pointer  to  move  downscale. 

b.  sector  gear  ^*X"  to  move  In  a  counterclockwise  direction 
and  the  maximum  allowable  pointer  to  move  downacale. 

c.  sector  gear  'V^  to  move  In  a  clockwise  direction  and  the 
mjxlmum  allowable  pointer  to  move  upscale. 

d.  sector  gear  '!x"  to  move  In  a  counterclockwise  direction  and 
the  maximum  allowable  pointer  to  move  upscale. 

Answers  to  frame  11: 
1.    b.     2.  b. 


Frame  13 

The  aneroid  la  responalble  for  computing  the  maximum  allowable 
alrapeed  for  any  altitude  the  aircraft  files*   Like  the  altimeter^ 
the  aneroid  aenses  changes  In  static  pressure  and  measures  an  absolute 
pressure*    When  the  aneroid  expands  due  to  an  Increase  In  altitude*  the 
maximum  ^Xlovable  pointer  Is  driven  dovnscale  by  the  mechanical  linkage 
connecting  the  aneroid  to  the  pointer*    As  the  aneroid  contracts  (geta 
amaller)  due  to  a  aecreaae  in  altitude*  the  pointer  will  move  back 
upscale* 

the  purpoae  of  the  maximum  allowable  section  of  the  Indicator  is, 
to  display  the  maximum  allowable  airspeed  the  aircraft  may  fly  regard- 
leas  of  toe  altitude  of  the  aircraft* 

Circle  the  letter  that  identifies  the  correct  answer* 

1*     What  la  the  sensing  element  of  the  ^"■f™""  allowable  section 
of  the  indicator? 

a*  Aneroid* 

b*  Airspeed  diaphragm* 

c*  Differential  mechanism* 

d*  Differential  diaphragm  and  a  bellows* 

2«     What  type  of  pressure  la  uaed  and  measured  by  the  sensing  dleuent 
of  the  TTiprfio'TiP  allowable  section? 

a*  Uses  Fs  and  measures  Impact  pressure^ 

b*  Uses  Ft  and  measures  Impact  pressure* 

c«  Uses  Fs  and  measures  absolute  pressure* 

d«  Uses  Ft  and  measures  absolute  pressure* 

3*     What  la  the  purpose  of  the  maximum  allowable  section  of  the 
indicator? 

a*     Displays  true  airspeed* 

b*     Displays  Indicated  airspeed* 

c*     Displays  calibrated  airspeed* 

d«     Displays  mmciimni  allowab^a  airspeed* 
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Answer  to  frame  12i 
1*  a* 
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use 

Frame  14 

We  have  determined  that  as  altitude  varies  f  the  maxlimim  allowable 
pointer  looves  because  it  is  controlled  by  the  aneroid.    Sometimes  it  is 
necessary  to  decrease  the  ma:cimum  allowable  pJ^rspeed  even  lower  than 
uhat  the  aneroid  will  do  automatically.    The  maximum  allowable  pointer 
adjustment  serev  Is  used  for  this  purpose. 

The  maximum  allowable  pointer  adjustment  screw  Is  located  on  the 
^ront  of  the  indicator's  case.    This  adjusGnent  Is  used  to  adjust  the 
maximum  allowable  pointer  dowoacale  to  a  lower  starting  point  without 
changing  the  critical  mach  number  setting.    The  aneroid  will  move  the 
maximum  allowable  pointer  downscale  from  the  new  starting  point  with 
any  increase  in  altitude.    This  adjtistment  may  be  necessary  due  to  the 
addition  of  bombs^  i^ckets^  or  wing  tanks  which  change  the  structural 
limitations  o^  the  aircraft.    This  adjustment  can  be  made  by  the  pilot 
o;:  creir  chief  of  die  aircraft.    When  the  aircraft  is  back  to  normal  load 
conditions^  the  pointer  adjustment  may  be  used  to  return  the  ni^'y^™™ 
sllowable  pointer  to  its  normal  position* 

Circle  the  letter  that  identifies  the  correct  answer* 

1,     The  macximum  allowable  pointer  is  adjusted  due  to  changes  in 
the 

a*     mach  number  setting. 

b.  pilots  of  the  aircraft. 

c.  Indicated  airspeed  indications. 

d.  structural  limitations  of  the  aircraft. 
Answers  to  frame  13; 

1.    a.     2.    c.     3.  d 
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Frame  13 

The  Inspection  procedures  vary  from  aircraft  to  aircraft. 
YOU  MOST  ALWAYS  refer  to  the  technical  order  for  the  aircraft  you  are 
working  on.    In  general^  the  follovlng  checlcs  must  be  performed* 

1.  Check  for  security  of  mounting. 

2.  Check  the  lines  for  proper  connections  and  tightness. 

3.  Cheek  the  condition  of  the  cover  glass »  the  range  marks » 
and  the  slippage  mark* 

4*     Check  the  H  crlt  aettlng  and  the  maximum  allowable  pointer  setting 
according  to  the  TO  for  the  aircraft* 

NO  RESPONSE  REQUIRED* 

Answer  to  frame  14: 

1*  d* 


liS3 
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Frame  16 

Read  and  record  the  position  of  the  indicated  airspeed  pointer » 
the  mach  index  marker »  and  the  maximum  allowable  airspeed  pointer* 
Place  your  answers  in  the  spaces  provided. 


1. 


J 


knots  (indicated 
airspeed) 

mach  (critical  mach 
number) 

knots  (maximum 
allowable 
airspeed) 


2. 


knots  (indicated 
airspeed) 

mach  (critical  mach 
number) 

knots  (maximum 
allowable 
airspeed) 


(Reference:    Frame  3  and  Frame  10) 
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|i53. 

Frame  17 

You  have  studied  the  pltot-statlc  system  and  3  indicators,  the 
.irlmeter    the  vertical  velocity  indicator,  and  the  maximum  allowable 
fi^S^ed  Indicator,    It  is  essential  that  you  understand  the  following 
subject  areas  that  were  previously  discussed. 

1.  The  purpose  of  the  pitot-scatic  system  and  each  indicator. 

2.  The  definition  of  pitot  pressure,  static  pressure  and 
impact  pressure. 


parts 


3.  The  purpose  of  the  pitot-static  probe  and  its  component 

4.  How  to  read  each  indicator. 

5.  The  sensing  elements  used  by  each  indicator, 

6.  The  pressures  used  and  measured  by  each  indicator, 

7.  •   The  function  of  the  component  parts  of  each  indicator. 

If  vou  are  not  sure  of  any  of  the  above  subject  areas,  review 
the  m^terial  l^  Hk  your  instructor  for  help  when  necessary. 


perf:LTo;erariSnri  "che^U-of  the' pitot-static  system 

NO  RESPONSE  REQUIRED 


eoin«  to  discuss  one  piece  of  test  equipment  used 
**  -,.--1.       f'h^  n4fnf-atfttic  system. 


to 
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Part  I 
Section  E 
PITOT-STATIC  FIELD  TESTER 


Frame  1 


The  HB-1  pitot  static  field  tester  is  used  to  leak  check  and 
operationally  check  the  pitot  static  system.    The  tester  is  a 
portable  unit  enclosed  in  a  metal  carrying  case.    It  consists  of 
hand  operated  pressure  and  vacuum  pumps^  pressure  and  vacuum  gages, 
five  control  valves,  and  altimeter,  airspeed  indicator,  and  a 
thermoiDeter  • 

Check  (i^  the  correct  answer(s)  below  In  the  space  provided* 
1.     The  purpose  of  the  MB-1  field  tester  Is  to 

 ^a.      leak  check  and  operational  check  the  pitot  static  system. 

 ^b.      apply  vacuum  only  to  the  pitot  static  system. 

 c.     apply  vacuum  and  pressure  for  a  leak  check  only. 
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Frame  2 


The  pressure  side  of  the  field  tester  is  illustrated  in 

figure  1*    It  consists  of  a  pressure  pump  (18),  pressure  gage  (1), 
pitot  pressure  hose  connection  (17),  external  pressure  connection 
(21),  pressure  source  valve  (16),  pressure  vent  valve  (15),  and  a 
cross  bleed  valve  (14)* 

m  RESPONSE  REQUIRED 


Answer  to  Frame  1:  i  LS 

/  a* 
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20  19 

1  PItCSSURE  OAGS 

3  mSSURC  RBIEF  VALVE 

3  AIRSPee>  INOtCATOR 

4  THERMOMETfit 

5  ALTIMCTER 


18 


17       16     15      14     13  12 


11 


S  £XTStNAL  VACUUM  CONNEOION  t5  FRC5SURE  VSNT  VALVE 

9  VACUUM  rUMf  16  PRB5UR6  SOURCE  VALVS 

10  VACUUM-TANK  HAND-OKRATCO  rUMP  17  PtTOT  HOSE  CONNECTION 

11  STATIC  HOSE  CONNEOION  18  PRKSURE  TANK  HAND-OPERATH)  PUMP 
13  VACUUM  SOURCE  VALVE  19  PRESSURE  PUM? 


INSTRUMENT  CAU8RAT10N  CARDS   13  VACUUM  VENT  VALVE 


7  VACUUM  OAGE 


14  CROSS^ELEED  VALVE 

Figure  1* 
91 


30  P1T0T  AND  STATIC  RUBBER  HOS^ 

31  EXTERNAL  PRESSURE  CONNECTION 


HS8 


Frame  3 


The  pressure  pump  (18)  in  figure  1  is  used  to  supply  pressure 
to  the  tester.    The  amount  of  pressure  in  the  tester  is  Indicated 
on  the  pressure  gage  (1)  in  inches  of  mercury.    The  pressure  pump 
can  be  bypassed  if  a  pressure  source  is  connected  into  the  external 
pressure  connection  (2i).    Pressure  can  be  applied  to  the  pitot 
system  by  opening  the  pressure  source  valve  (16).    Pressure  is 
released  from  the  system  by  opening  the  pressure  vent  valve  (13). 
Pressure  can  also  be  released  by  venting  the  pressure  into  the 
static  side  of  the  KB*1  by  using  the  cross  bleed  valve  (14). 

Match  the  following  components  in  calumn  B  to  tiielr  functions  In  column 
A  by  writing  the  correct  letter  In  the  spaces  provided. 

A  B 


JL.     Indicates  amount  of  pressure  In 
tester. 

2.     Supplied  pressure  for  t;he  MB-1. 


3. 


4. 


5. 


6. 


Hookup  for  external  pressure 
Into  the  MB-1. 

Admits  pressure  from  the 
tank  Into  the  system. 

Releases  pressure  from  the 
system. 

Bleeds  pressure  Into  the  static 
side  of  the  UB-l. 


a.  External  pressure 
connection. 

b.  Pressure  source  valve. 

c.  Pressure  vent  valve. 

d.  Pressure  pump. 

e.  Cross  bleed  valve. 
£.  Pressure  gage. 


Answer  to  frame  2; 
tb  response  required. 


iiSd 
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Frame  4 

The  static  side  of  the  MB*1  pitot-atatic  field  tester  is  shown 
in  figure  2.    It  consists  of  a  vacutim  pump  (1)^  vacuum  gage  (2)^ 
external  vacuum  connection  (3)»  vacutim  source  valve  (4)t  vacuum  vent 
valve  (5)t  and  a  cross  bleed  valve  (6^  used  in  common  with  the  pressure 
side  of  the  tester. 

Note:    Ihft  cross  blaad  valve  vtll  not  he  used  at  any  time  during 
the  operational  checfc. 

N9  BESFONSE  SBQaXRCD 
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Mavers  to  frame  3: 

1.       t        2,     d        3,     a        4,     6        5,     c        6,  e 
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Frame  5 


The  vacuum  pump  (1)  Is  used  to  supply  vacuum  to  the  MBf-I  pltot-statlc 
field  tester*    The  amount  of  vacuum  Is  Indicated  on  the  vacuum  gsge* 
If  an  external  vacuum  source  Is  available^  the  vacuum  pump  may  be  by- 
passed by  connecting  a  vacuum  source  to  the  external  vacuum  connection* 
The  vacuum  in  the  HB-1  can  be  applied  to  the  pltot  static  system  by 
opening  the  vacuum  source  valva*    Vacuum  can  be  released  from  the 
systan  by  opening  the  vacuum  vent  valve*    The  vacuum  can  also  be  bled 
Into  the  pressure  side  of  the  tester  by  using  the  cxoss-^bleed  valve* 

Hatch  the  folXowlng  components  tn  column  B  to  their  functions  1"  column  A» 
by  writing  the  correct  letter  In  the  spscea  provided* 

k  B 

 1*     Used  to  supply  vacuum  to  the  a*     Vacuum  putap 

tester* 

b*     Vacuum  gage 

Z*     Releases  vacuum  from  the 

static  system*  c*     External  vacuum 

connection 

3*     Indicates  the  amount  of  vacuum 

In  the  HB-1  tester*  d*     Vacuum  source  valve 

 4*     Bleeds  vacuum  to*  the  pressure         e*  Vacuum  vent  valve 

aide  of  the  HB-1*  ^ 

£*  Cross-bleed  valve 

 5*     Admits  vacuum  Into  the  system* 


J5*     Qookup  for  external  vacuum 
pressure* 


Answer  to  frame 

No  response  required* 


ilDl 


94 


10,0 

Frame  6 


The  elrepeed  iJUllc«tor»  «XtijMtftr»  end  thexmometer  thet  ere  used 
on  the  HB*1  «re  ehoim  In  the  uppa  center  of  the  flgure^  belcnr*  The 
airspeed  Indicator  Indlcatee  the  Mount  of  pitot  pressure  In  knots* 
The  altlneter  Is  used  to  indicate  the  eaount  of  vecuun  pressure  In 
feet*    The  theraoMter  is  used  to  Indicate  the  sablent  temperature 
In  degrees  Celsius*    The  tempersture  mst  be  used  vben  ccnputing  true 
airspeed  end  vfien  checking  a  true  airspeed  Indicator* 


Figure  3* 


Usln«  figure  3,  match  the  following  cotaponents  in  column  B  with 
their  functions  In  column  A,  by  writing  the  correct  letter  in  the 
spaces  provided* 


_1*     Indicates  ambient  temperature  in  *C*       a*  Altimeter 
_2*     Indicates  pressure  In  knots^  b*     Airspeed  Indicator 

3*     Indicates  vacuum  In  feet*  c*  Thermometer 


Answers  to  frame  S 
1*     a        2*  e 


3* 


4* 


5* 


6. 


Using  the  hose  and  adapters  supplied  with  the  MB-1  pltot- 
static  fleld*tester«  the  tester  can  be  adapted  for  use  on  any  aircraft. 
The  rubber  adapters  In  the  A  portion  of  the  figure  belov  transfer 
pltot  pressure  from  the  tester  into  the  aircraft  pltot  static  system. 
The  adapters  in  the  B  portion  of  the  figure  are  used  to  transfer  the 
static  pressure  In  the  tester  to  the  aircraft  static  system. 

NO  SESKIEISE  REQUIBED 


A  B 
Ansvers  to  frame  6: 
1.     c       2.     b       3.  a 


After  completing  an  appraisal  covering  this  material*  proceed 
to  the  lab  to  perform  an  operational  check  of  the  pltot-statlc  system* 
troubleshoot  the  pltot*statlc  system,  and  bench  check  a  vertical 
velocity  Indicator*  an  altimeter*  and  a  maximum  allowable  airspeed 
Indicator. 


ilSS 
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//a 

Part  II 

Sections  A,  B  hind  C 

Part  II  of  this  text  covers  three  (3)  more  Indicators  that 
utilize  the  pltot^statlc  systan  for  their  operation*    They  are  the 
Gitandby  airspeed  Indicator,  the  true  airspeed  Indicator!  and  the 
transonic  machmeter.    Each  Indicator  meets  the  specific  design 
requirements  of  the  aircraft  that  utilize  them. 

After  completing  this  text  you  should  know  the  following 
Information  about  each  Indicator: 

1.  The  purpose. 

2.  The  type  of  pressure  or  pressures  It  uses. 

3.  The  sensing  element. 

4.  The  function  of  Its  component  parts. 
5*      How  to  read  It. 

NO  RESPONSE  REQUIRED 


J- 194 
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Part  II 
Section  A 
STANDBY  AIRSPEED  INDICATOR 

Frame  I 

The  first  Indicator  that  ve  will  discuss  Is  the  standby  airspeed 
Indicator  with  a  rang^  of  60  to  850  knots*    In  aircraft  of  modem 
design  the  Air  Force  uses  a  variety  of  different  types  of  airspeed 
Indicators*    They  all  basically  operate  the  same*    The  airspeed 
Indicator  Is  a  differential  presaure  measuring  device*    This  dif- 
ferential is  caused  by  the  difference  between  pltot  preasure  and 
static  pressure* 


Check  the  correct  resiK>nae<8}  below* 

a«     The  Air  Force  usee  only  one  type  of  airspeed  Indicator* 

b*     The  airspeed  indicator  io  a  differential  pressure  measuring 
de^ce« 

c«     Pitot  pressure  la  the  only  presaure  used* 
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Answers  to  Frame  1:   a.       /  b.   ^c. 

Frame  2 

The  standby  airspeed  indicator  measures  the  speed  of  the  air 
passing  over  the  wings  of  the  aircraft  and  is  not  to  be  confused 
with  ground  speed.    An  example  would  be  as  follows*  if  an  aircraft 
was  flying  at  a  ground  speed  of  200  knots  with  a  tail  wind  of  SO 
Icnots*  the  indicator  would  read  ISO  Icnots*    The  opposite  would  be 
an  aircraft  flying  at  a  ground  speed  of  200  Icnots  with  a  head  wind 
of  SO  Icnots*  the  indicator  would  indicate  2S0  knots. 

The  standby  indicator  does  not  make  auy  corrections  for 
temperature  and  altitude  changes. 


200  KNOTS  GROUND  SPEED 


Check  the  correct  responseCs)  below. 

a.  The  airspeed  indicator  Indicates  ground  speed. 

b.  An  aircraft  with  a  tall  wind  would  add  the  speed  ox  the 
wind  to  get  the  correct- Indication  on  the  indicaro 

c.  A  ground  speed  of  3S0  knots  and  a  head  wind  of  40  1^.  ^  s 
will  cause  the  indicator  to  read  390  knots. 
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Anawers  to  Frame  2:  / 
Frame  3 

Fitot  and  static  pressure  will  always  be  equal  when  the  aircraft 
Is  at  rest  and  no  wind  Is  blowings    But  when  the  aircraft  is  in 
flighty  pitot  pressure  will  exceed  static  pressure*    The  difference 
between  these  two  pressures  Is  proportional  to  the  aircraft's  speeds 
Therefore^  the  faster  the  aircraft  aoves^  the  pitot  pressure  increases 
with  respect  to  static  pressure  causing  a  higher  reading  on  the 
Indicator 4    With  a  decrease  In  airspeed »  pitot  pressure  decreases 
aQd  the  airspeed  Indicator  shows  a  decrease^    Also^  with  an  Increase 
In  altitude  there  Is  a  decrease  In  pitot  pressure  due  to  the  fact 
that  the  air  density  decreases  with  altitude^ 

Check  the  cortect  respoase<s)  below*  ^ 

 a*     Fitot  and  static  pressure  are  equal  when  the  aircraft  Is 


in  fUght* 

h*     The  difference  between  pitot  pressure  and  static  pressure 
la  proportional  to  the  speed  of  the  aircraft^ 

c«     Fitot  pressure  decreases  with  an  increase  In  altitude* 
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Answers  to  Frame  3: 


a.       /  b. 


Frame  4 


Pltot  pressure  Is  fed  directly  to  a  dlaphragv  within  the  air- 
speed Indicator.    Static  pressure  Is  fed  to  the  inside  of  the  case  of 
the  Indicator  to  surround  the  diaphragm.    As  pltot  pressure  Increases » 
the  dlapbragn  expands,  causing  t te  mechanical  linkage  to  move,  thus 
showing  an  Indication  on  the  politer  of  the  airspeed  Indicator. 


EXPAND 


Pt- 


INDICATED 
AIRSPEED 
POINTER 


UPSCALE 
(CU}CKWISE) 


MECHANICAL  UNKAGE 
TO  AIRSPEED  POINTER 


THIS  SDE  OF 
THE  [NAPKRAGM 
IS  ATTACHED  TO 
THE  CASE  OF  THE 
INDICATOR. 


CCfflTRACT 


INDfCATED 

AIRSPEED 

POINTER 


Pt-*; 


I 


DOWNSCALE 
(COUNTER-CLOCKWISE) 


MECHANICAL  UNKAGE 
TO  AIRSPEED  POINTER 

Check  the  correct  respon8e<s)  below. 

a,     Pltot  pressure  Is  fed  to  the  Irilde  of  the  case  to  surround 


the  diaphragm. 

 ^b.     As  pltot  pressure  Increases,  the  diaphragm  expands,  thus 

causing  the  pointer  to  Indicate  an  Increase  In  airspeed. 

Answer  to  Frame  4:    a.        /  h. 
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Part  II 
Section  B 
TRUE  AIRSPEED  IMDICAXOR 

Frame  1 

The  True  Airspeed  Indicator,  shorn  below,  Is  designed  to  Indicate 
the  airspeed  of  the  aircraft  with  corrections  for  temperature  and 
altitude  changes.    With  these  corrections,  the  True  Airspeed  Indicator 
Indicates  the  actual  si>eed  of  the  air  moving  across  the  aircraft* 
Without  these  corrections,  the  indicator  would  give  incorrect  airspeed 
indications  at  different  temperatures  and  altitudes.    This  problem 
occurs  because  the  density  of  air  changes  according  to  air  temperature 
and  altitude*   ,  


Circle  the  letter. that  identifies  the  true  statement(s) . 

a*     The  True  Airspeed  Indicator  compensates  for  altitude  changes 
only. 

b.  The  True  Airspeed  Indicator  indicates  the  airspeed  of  the  air- 
craft with  correctlona  for  temperature  and  altitude  changes* 

c.  The  True  Airspeed  Indicator  is  designed  to  Indicate  the  ground 
speed  of  the  aircraft* 

d.  The  amount  of  air  changes  with  a  change  in  temperature  and 
altitude  * 


102  itga 


Frame  2 


PITOT  PR£Si- 


The  True  Alrapeed  Indicator^  like  all  other  airspeed  Indicators » 
uses  pltot-^tatic  presaurea  supplied  by  the  pltot*8tatlc  aystem.  Pltot 
preaaure  Is  applied  to  the  back  of  the  alrapeed  Indicator  through  an 
opting  marked  P  for  pltot.    This  pressure  Is  applied  to  the  Inside  of 
one  of  the  three  sensing  elements  shown  la  the  figure  above  (diaphragm  A). 
This  sensing  element »  diaphragm  A»  uses  pltot  pressure  and  measures 
differential  pressure.    Aneroid  B  Is  surrounded  by  static  pressure 
which  Is  applied  to  the  Indicator  through  an  opening  marked  S  for  static 
pressure.    This  sensing  element^  aneroid  B»  uses  static  preasure  and 
meaaurea  absolute  pressure. 

Circle  the  letter  that  Indicates  the  correct  answer  to  the  questions 
belov. 

1.  What  pressure(s)  Is  C<xre)  used  by  the  True  Airspeed  Indicator? 

a.  Pltot  only. 

b.  Static  oily. 

c.  Pltot  and  atatlc. 

d.  Pitotf  static^  and  differential. 

2.  What  pressures  are  measured  by  the  True  Airspeed  Indicator? 

a.  Pltot  and  atatlc. 

b.  Pltct  and  differential. 

c.  Differential  and  atatlc. 

d.  Differential  and  absolute. 

Answers  to  Frame  1:  b 
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Franie  3 


The  True  Airspeed  Indicator  has  three  sensing  elements  contained 
Inside  an  airtight  case*    Static  pressure  surrounds  all  three  of  these 
sensing  elements*    The  first  sensing  eleoient  Is  an  airspeed  diaphragm 
D  shown  In  the  figure  below*    An  airspeed  diaphragm  consists  of  two 
thin  discs  of  berrylllum  copper  soldered  together  with  an  Inlet  for 
pltot  pressure*    The  function  of  the  airspeed  dlaphragnt  Is  to  expand  or 
contrsct  because  of  .the  difference  between  pressure  Inside  the  diaphragm 
(pltot)  and  pressure  outside  the  dlaphragnt  (static)*    The  difference 
between  pltot  and  static  pressure  Is  Impact  pressure*    In  order  to  have 
a  change  In' Impact  pressure,  one  of  the  following  changes  must  occur: 
a  change  In  speed,  a  change  In  altitude,  a  change  In  air  temperature,  or 
eny  combination  of  the  three*    Any  of  these  changes  will  cause  the 
al:rspeed  diaphragm  to  expand  or  contract* 
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Check  (/)  the  correct  statementCs) • 

 3L.     The  True  Airspeed  Indicator  has  three  sensing  eleinents, 

 b.     The  airspeed  diaphragm  has  pitot  pressure  on  the  outside  of  it, 

 The  airspeed  diaphragm  will  expand  or  contract  with  a  change 

in  ijnpact  pressure* 

 d,     rne  airspeed  diaphragm  will  contract  with  a  decrease  in 


altitude. 


Answers  to  Frame  2:  I* 


c 
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mi  , 

Frame  4 


The  second  sensing  element  o£  the  True  Airspeed  Indicator  Is  the 
aneroid  E«  also  called  the  altitude  diaphragm*    (Refer  to  the  figure 
belowt)    Its  construction  Is  similar  to  the  airspeed  dlaphragni  with 
the  exception  that  the  aneroid  Is  evacuated  and  scaled*  Expansion 
and  contraction  Is  caused  by  a  change  In  the  static  pressure  surrounding 
the  aneroid,    A  decrease  in  static  pressure  (Increase  In  altitude) 
will  cause  the  aneroid  to  expand.    An  Increase  In  static  pressure 
(decrease  In  altitude)  will  cause  the  aneroid  to  contract.    The  aneroid 
Is  used  to  compensate  for  the  movement  of  the  airspeed  diaphragm  due  to 
a  change  In  altitude.    When  the  airspeed  diaphragm  expands  because  of 
the  aircraft  encountering  more  impact  pressure  at  a  lover  altitude^ 
the  aneroid  will  contract.    The  movement  of  the  aneroid  will  compensate 
for  the  movement  of  the  airspeed  dlaphragBi  resulting  in  NO  pointer 
movement  due  to  a  change  in  altitude. 
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Check  (/)  the  correct  statementCs), 

 ^,_,,a*     An  aneroid  Is  the  second  sensing  element  of  the  True 

Airspeed  Indicator. 

The  aneroid  expands  vlth  a  decrease  in  altitude* 

 ^c*      The  aneroid  expands  with  a  change  In  airspeed* 

 d*     The  aneroid  prevents  pointer  movement  due  to  an  al^tltude 


change* 


Anstrers  to  Frame  3:    a»  c 
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Frame  5 


The  third  sensing  element  Is  a  temperature  diaphragm  A  as  shown 
below*    It  Is  designed  lllce  the  airspeed  diaphragm;  Instead  of  pltot 
pressure  on  the  inside t  a  gas  presaure  from  a  temperature  bulb  Is 
applied  to  the  Inside  of  the  temperature  diaphragm*    Expansion  or 
contraction  of  the  tempevature  diaphragm  will  compensate  for  the 
movement  of  the  airspeed  diaphragm  due  to  a  change  In  air  temperature* 

The  flush  mounted  temperature  bulb  C  contains  a  substance  called 
methyl  chloride  which  is  very  sensitive  to  any  temperature  change*  It 
changes  from  a  liquid  state  to  a  gas  with  an  increase  In  temperature 
and  from  a  gas  back  to  a  liquid  with  a  decrease  in  temperature*  There 
will  always  be  some  liquid  and  some  gas  In  the  bulb  regardless  of  the 
outside  temperature*    The  change  in  gas  pressure  is  applied  to  the 
temperature  diaphragm  through  capillary  tubing  3  which  connects  the 
temperature  bulb  ico  the  temperature  diaphragm*    As  the  air  temperature 
changes  t  the  temperature  diaphragm  expands  or  contracts  due  to  a  change 
In  gas  pressure*    The  movement  of  the  temperature  diaphragm  will  com- 
pensate for  any  movement  of  the  airspeed  diaphragm  due  to  a  change  in 
air  temperature* 
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Check        the  true  statement(s). 

The  temperature  diaphragm  compensates  for  movement  of  the 
airspeed  diaphragm  due  to  a  change  in  air  temperature. 

The  substance,  methyl  chloride,  is  used  to  sense  a  change  in 
air  temperature, 

c*     The  substance,  methyl  chloride,  causes  the  airspeed 
diaphragm  to  expsnd, 

d>     The  temperature  bulb  is  connected  to  the  aneroid  by  means 


of  capillary  tubing. 


Anst^ers  to  Frame  4: 


a,  d 
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Frame  6 

The  dial  face  of  the  True  Airspeed  Indicator  reads  In  knots. 
Knots  are  referenced  to  nautical  miles  Instead  of  statute  miles 
(miiea  per  hour)*    The  range  of  the  True  Airspeed  Indicator  is  150 
knots  to  600  knots*    Even  though  a  '*0**  mark  la  on  the  dial  face^  the 
Instrument  will  show  no  Indication  less  than  150  knots*    The  dial  Is 
graduated  in  10-knot  increments  as  shown  In  the  picture  of  the  True 
Airspeed  Indicator  below. 


VtO  RESPONSE  REQUIRED 
Answers  to  Frame  5:    a>  b 

i2oy 


no 


*  Frame  7 


Using  the  drawing  beJlow»  match  the  letters  of  the  components  with 
the  purpose  of  the  components  listed  below* 


5. 


ANEROID 


DIAPHRAGM 


CAPILLARY 
TURING 


TEMPERATURE  BULa 


Provides  a  path  for  methyl  chloride  gas* 
Measures  differential  pressure* 
Senses  changes  In  air  temperature* 

Compensates  for  changes  In  altitude  on  the  airspeed  diaphragm* 
Expands  with  an  Increase  In  temperature* 


)  • 
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Frame  8 


Kqw  let^s  review  the  material  covered  to  this  point.    The  purpose 
of  the  True  Airspeed  Indicator  Is  to  Indicate  the  airspeed  of  the  air* 
craft  with  corrections  for  temperature  and  altitude  changes.    The  True 
Airspeed  Indicator  uses  pltot  and  static  pressures  and  measures  dlf* 
fereqtlql  and  abaolute  pressures ,    The  True  Airspeed  Indicator  contains 
three  sensing  elements:    airspeed  diaphragm*  aneroid  (altitude  diaphragm) » 
and  temperature  diaphragm.    The  airspeed  diaphragm  will  expand  or 
contract  vlth  any  change  In  Impact  pressure.    The  aneroid  will  compensate 
for  any  change  In  altitude  that  affects  the  airspeed  diaphragm.  The 
temperature  compenaaclng  unlt»  which  consists  of  the  temperature 
diaphragm,  temperature  bulb,  and  capillary  tubing*  compensates  for 
changes  In  ambient  air  temperature  that  would  affect  the  airspeed 
diaphragm.    The  morvement  of  the  airspeed  diaphragm  will  affect  the 
pointer  shaft  only  If  there  is  an  actual  change  in  airspeed. 


MO  HESFONSE  REQUUtED 

Answers  to  Frame  7:    X.    b     2.    D     3.    C     4,    E     5,    A  /' 


f.Z'09 
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Part  II 
Section  C 
TRAHSOHIC  M&CHMETER 


Frame  1 


The  transonic  machmeter  Is  used  on  aircraft  capable  of  approaching 
and  exceeding  the  speed  of  sounds 

High  performance  aircraft  are  often  redllned  (limited)  by  Mach 
number  as  well  as  airspeed.    For  instance*  the  handbook  of  Flight 
Operating  Instructions  for  one  type  of  aircraft  may  contain  Instruc- 
tions to  the  effect  that  "the  speed  of  the  aircraft  should  not  exceed 
550  knots  or  Mach  0*89»  whichever  occurs  Sooner*"    Therefore*  many 
jet  aircraft  are  equipped  with  both  an  airspeed  Indicator  and  a  mach^ 
meter*    Hach  number  Is  pronounced  "mock  number***    It  Is  defined  as  a 
number  representing  the  ratio  of  the  aircraft's  true  airspeed  to  the 
speed  of  sound  In  the  surrounding  atmosphere* 

The  transonic  machmeter  serves  to  remind  the  pilot  not  to  exceed 
the  structural  limits  of  his  aircraft.    This  means  that  the  pilot 
should  not  fly  the  aircraft  faster  than  It  is  designed  (red  line 
on  Instrument  face)  to  fly*    If  the  Mach  limit  of  the  aircraft  Is 
exceeded*  structural  damage  might  occur  causing  the  aircraft  to  crash* 

Circle  the  letter  that  Identifies  the  correct  answer. 

1.      Mach  nu^jiber  Is  defined  as 

a*      a  number  representing  the  speed  of  sound* 

b*      the  speed  of  sound  at  any  altitude* 

c.      the  ratio  of  the  aircraft's  true  airspeed  to  the  speed 
of  sound* 

d*      the  ratio  between  the  aircraft's  airspeed  and  ground  speed. 


Frame  2 


Mach  1  means  chat  the  aircraft's  airspeed  Is  equal  to  the  speed 
of  sounds    The  speed  of  sound  at  sea  leyel*  on  a  normal  day*  Is  662 
knots*    It  decreases  with  an  Increase  In  altitude*    At  36*200*  the 
speed  of  sound  Is  573*3  knots  and  remains  constant  untlX  an  altitude 
of  65,600'  Is  reached*    Temperature  Is  the  primary  factor  which  causes 
the  speed  of  sound  to  decrease  when  altitude  is  Increased*    The  speed  of 
sound  Is  directly  proportional  to  a  change  In  temperature* 

Circle  the  letters  that  Identify  the  correct  answers  to  each  of  the  state- 
ments below* 

X*     If  the  aircraft  Is  fXylng  at  the  speed  of  sound';  the  Mach  number 
would  be 

a*  *X 

b*  *5 

c*  1*0 

d*  1*5 

2*     The  primary  factor  affecting  the  change  In  the  speed  of  sound  Is 
a  change  In 

a.  Mach* 

b*  altitude* 

c*  temperature* 

d*  pressure* 


Answer  to  Frame  1: 
1*  c 


(■21L 
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Frame  3 


The  dial  range  of  the  Trandonic  Machmeter  is  calibrated  from  *S  to 
1*3  Mach*    (The  sittall  '^sero"  is  used  only  for  bench  calibration  purposes 
aud  is  not  part  of  the  range*)   A  reading  of  *S  Mach  is  30%  of  the  speed 
of  soitod  (aircraft's  airspeed  in  relation  to  the  speed  of  sound*)  Like-* 
wise,  *9  Mach  is  90X  of  the  speed  of  sound*    The  purpose  of  this  iastru* 
ment  is  to  indicate  the  aircraft's  true  airspeed  in  relation  to  the  speed 
of  sound  at  any  altitude*    The  pointer  on  the  machmeter^  shown  t  is 
indicating  *8^3  mch*    This  means  the  airc;:aft*a  speed  is  almost 
83%  of  the  speed  of  sound* 


Circle  the  letters  that  identify  the  correct  answers  below* 

1*     The  calibrated  Hach  number  range  of  the  Xranso&lc  Machmeter  is 

a*     0  to  1*0  Kach* 

b*     0  to  1*5  Hach* 

c*      *5  to  1*0  Hach* 

d*      *5  to  1*3  Mach* 
2*     The  machmeter  is  designed  to  indicate  the 

a*     speed  of  sound  up  to  30»000** 

b*     speed  of  sound  at  all  altitudes* 

c*     airspeed  of  the  aircraft  in  knots* 

d*     aircraft^s  true  airspeed  in  relation  to  the  speed  of  sound* 

Answers  to  Frame  2: 
1*    c     2*  c 


Frame  4 


The  sensing  elements  used  by  the  machmeter  are  an  airspeed 
diaphragm  and  an  altitude  diaphragm  (aneroid).    The  airspeed  diaphragm 
uses  both  pltot  and  static  pressure.    It  measures  the  difference  between 
these  pressures.    Therefore,  the  airspeed  diaphragm  measures  differential 
pressure.    For  greater  seusltlvlty,  stacked  airspeed  diaphragms  and 
aneroids  are  used  in  the  machmeters. 

Circle  the  letter(s)  of  the  correct  statement(s)  below. 

1.     The  airspeed  diaphragm 

a.  uses  pltot  pressure  only. 

b.  measures  differential  pressure. 

c.  uses  pltot  and  static  pressure. 

d.  uses  static  pressure  and  measures  absolute. 

Ansvers  to  Frame  3: 


1. 


d 


2. 


d 
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Frame  5 

The  aneroid  use  static  pressure  only  and  measure  absolute  pressure. 
The  aneroid  expands  when  the  aircraft  Increases  altitude  and  contracts 
with  a  decrease  In  altitude. 

Circle  the  letter(3)  of  the  correct  statenentCs)  below. 

1.  The  purpose  of  the  aneroid  assembly  la  to 

a.  expand  when  altitude  decreases. 

b.  compensate  for  the  speed  of  sound. 

c.  expand  when  altitude  increases* 

d.  correct  for  case  temperature  changes. 

2.  The  ^Transonic  Machmeter 

a.  uses  pltot  and  static  pressure  and  measures  differential  pressure 

b.  uses  static  pressure  and  measures  absolute  pressure. 

c.  Indicates  the  speed  of  sound. 

d.  indicates  the  aircraft's  true  airspeed. 
Answers  to  Frame  4: 

1.    b  and  c 


Frame  6 

To  explaia  operatloa  of  the  machmeter  we  will  use  the  lllustratioa 
below.    We  will  use  oaly  one  diaphragm  and  one  aneroid.    Whea  the  speed 
of  the  aircraft  increases «  the  pitot  pressure  inside  the  airspeed  diaphragm 
increases  causing  it  to  expand.    The  expansion  of  the  diaphragm  moves  the 
mechanical  linkage^  increasing  the  Mach  number  indication.    As  altitude 
Is  increased^  the  aneroid  expandst  pushing  the  floating  shaft  to  a  new 
position.    This  movement  changes  the  leverage  ratio  between  the  sector 
lever  and  the  rocking  shaft  lever.    This  '^speeds  up"  pointer  movement. 
If  the  aircraft  maintained  the  same  airspeed  and  increased  its  altitude^ 
the  Mach  number  would  increase.    C3ee  the  illustration  below.) 


f fTOT  ftessuM 


36,200'  662  K  1. 15  Mach 


Sea  Level  1 .  0  Mach 

662  K 


12  IS 
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1.     circle  the  letters  that  Identify  true  statements. 

a.  An  Increase  In  altitude  up  to  36»000'  causes  a  decrease  In 
the  speed  of  sound. 

b.  An  Increase  In  pltot  pressure  causes  a  decrease  In  Hach  number. 

c.  As  altitude  Is  Increased*  the  aneroids  expand. 

d.  If  the  aircraft  maintained  the  same  speed  and  decreased 
altitude*  the  Mach  number  should  increase. 

e.  An  increase  In  aircraft  speed  causes  pltot  pressure  to  Increase. 

Answers  to  Frame  5; 
1.    c         2.    a  and  b 

Answers  to  Frame  6t 
1.    a*  c»  and  e. 
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Section  1,    BENCH  CHECK  VERTICAL  WLOCITY  INDICATOR 


OBJECTIVES 


Given  a  workbook,  teat  equipment  and  trainer »  perform  an  inspection 
and  operational  check  of  a  pitot*9tatic  system  with  a  minimum  of  100% 
accurate  workbook  responses. 

Given  a  workbook,  test  equipment  and  trainer,  troubleshoot  a 
pitot"9tatic  system  with  a  minimum  of  75%  accurate  workbook  responses* 

Given  a  workbook,  test  equipment  and  trainer,  bench  check  components 
of  a  pitot'^static  system  with  a  minimum  of  80%  accurate  workbook  responses. 


EQUIPMENT 

Basis  of  Issue 

A-1  Mercurial  Barometer  1/student 

Vertical  Velocity  Indicator  1/student 

Vacuum  Chamber  1/student 

Timer  l/student 

Screwdriver  1/ student 


INSTRUCTIONS 


The  laboratory  station  instructor  will  supply  you  with  the  required 
equipment  necessary  to  complete  the  workbook*    the  workbook  is  divided 
into  four  sections;  at  the  end  of  each  section  the  instructor  will  check 
your  work.    Follow  each  step  carefully  and  con^lete  the  workbook  as 
required*    Take  your  time  and  BO  NOT  RUSH*    If  you  have  difficulty  on 
any  of  the  steps,  check  with  your  instructor  BEFORE  attempting  to 
complete  the  step* 


PROCEDUKE 


Note:    Ask  your  instructor  for  the  required  equipment*  Perform 
the  required  bench  checks  on  the  vertical  velocity  indicator 
and  record  the  results  in  the  following  tables*    If  you  have 
difficulty  on  any  of  the  following  steps,  check  with  your 
instructor* 

Caution:    Remove  all  jewelry* 

THIS  SECTION  OF  THE  WORKBOOK  GIVES  INFOBMATION  AND  PROCEDURES 
TOR  PREPARING  THE  A-1  MERCURIAL  BAROMETER  FOR  BENCH  CHECKING  THE 
VERTICAL  VELOCITY  INDICATOR* 


Supersedes  3ABR32531-WB-30U,  9  January  1976;  3ABR32531-WB-301B, 
9  DeceiLber  1975;  3ABR32531-tfB-301D,  23  January  1976;  3ABR32531-WB-301E, 
26  February  1975* 
OPR:  3360TTG 
DISTRIBUTION:  X 

3360TTGTC-W  -  200;  ITVSR  -  1 
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1,  Leveling  the  A-1  mercurial  barometer. 

a<     The  barometer  has  three  leveling  screws  located  on  the 
barometer  mount  platform^  two  in  front  and  one  oh  the  rear  of  the  pX&tfom, 
There  are  also  two  bubble  levels  on  the  mount  platform^  one  on  the  left 
side  and  one  on  the  rear  of  tiie  platform. 

b.     Use  figure  1  and  locate  the  le    ' 'ng  screws  and  the  bubble 
levels  on  the  barometer  mount  platform. 

2.  Perform  the  following  steps  on  the  A-1  mercurial  bcrometer; 


d.      Is  the  bubble  in  the  center  of  the  levels?    If  so^  proceed 
to  the  next  step. 


a.     Locate  the  three  leveling  screws* 


b. 


Locate  the  two  bubble  levels. 


Level  the  A-1  mercurial  baromet^'i^* 


1  t 


VClNrCH  ADJUSTIFIG  XNOa 


LEVEL 
5CICW 


■  Ave 


MOUNT  ^lATfOftM 


LEVEL  5CICW 


3.     AJLtlcude  scale  and  altitude  Index* 

a*     the  alcltude  scale  Is  read  against  the  altitude  Index* 
(Rt?fer  CO  figures  2  and  3«)    Altitude  Index  reference  mark  Is  located 

in  ILne  and  to  tUf±  left  of  the  bottom  of  the  dlghclng  ring* 

b.      The  altitude  scale  Is  graduated  In: 

(1)  100  foot  Increments  from  -l^OOO*  to  +10»000\ 

(2)  500  foot  Increnentd  from +10,000'  to  +S0,000^ 

(3)  1,000  foot  Increments  from  +50> 000*  to  +80*000** 


c«     Use  figured  2  and  3  to  locate  the  altitude  ecfde  and 
altitude  Index  marker  on  the  A^'l  mercury  barometer* 


Figure  2, 
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GtAOUATIONS 
[SCAl£) 


VftNlf  t  StJOf 


VEtNlEt 
A&JUSTJNG  too 


VftNJEt 
ClAMf  NUT 


VEtNtEt  SCAtf 


AlTrTU&E  GtAOUAnONi 
ISCAIE} 


tOMf  m  TUIE 


SIGHTING  t(NG  SUOE 


SIGNTINO  tINO 


MENfSCUS 


MEtCUtY  COtUMN 


AlTlTUOf  tNOfX 


Figure  3. 

Pill  in  the  blank  spaces  of  the  following  ouestions. 
I*     The  A-1  mercury  barometer  altitude  range  in  feet  is  from 
*  to  \ 


2.      Uaing  figure  3>  the  altitude  Index  is  indicating  approximately 


1/ 

4.     Vernier  clamp  nut  and  sighting  ring*    (Figure  2  or  3) 

a«      The  vernier  clamp  nut»  If  unclanrped»  Is  used  to  move  the 
sighting  ring  and  the  altitude  Index  up  and  down  to  select  various 
altitudes  when  you  are  performing  a  bench  check  on  the  vertical  velocity 
Indicator* 

b.     The  vernier  adjusting  knob  (£lgure  1)  la  used  for  fine 
aiijustment  of  the  altitude  Index  to  the  altitude  graduations. 

Perform  the  following  step  on  the  A*l  mercury  barometer. 

5*     Use  the  vernier  clamp  nut  and  the  vernier  (fine)  adjusting 
knob  to  select  the  following  altitude  ranges: 

a.  2^000  ft.  , 

b.  4,000  ft* 

c.  18,000  ft* 
d*  24,000  ft. 

6.     Light  assembly  and  light  ^^itch. 


a.  The  light  assembly  (figure  1)  Is  used  as  an  aid  to  align 
the  sighting  ring  to  the  top  of  the  mercury  meniscus. 

b.  The  light  switch  Is  located  on  the  top  of  the  barometer 
[Qount:  platform  (reference  figure  1). 

c.  For  proper  alignment  of  the  sighting  ring  to  the  top  of 
the  Mrcury  mdIvcm*  study  £itur«  4  carefully* 


CORRECT  SETTING 


INCORRECT  SETTING 


-MENISCUS 


MERCURY 
COLUMN 


SIGHTING 
RING 


NO  LIGHT  VISIBLE  AT 
VERY  CENTER 
ONLY 


SIGHTING 
.  ,  RING 
LOW 

Flfuni  4. 


SIGHTING 
RING 
HIGH 
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YOU  ABE  NOW  READY  TO  BENCH  CHECK  THE  VERTICAL  VELOCITY  IITOICATGR- 
PROCEED  BY  ACCOMPLISHING  THE  FOLLOWING  STEPS, 


1/     Zero  Setting  Check,  Table  1* 

a.  Pu££ose;    Used  to  set  the  pointer  to  zero  to  correct  for 
error  due  to  stresses  or  wear* 

b.  Turn  the  zero  setting  screw  on  the  front  of  the  Indicator 
with  the  screwdriver*    Note  the  maximum  points  reached  by  the  pointer. 

c.  Record  the  maximum  readings  of  the  pointer  In  table  1  as 
feet'-per*-mdLnute  and  as  satisfactory  (S)  or  unsatisfactory  (U)  ,  according 
to  the  tolerances  given. 

d»      Set  the  pointer  back  to  zero,  tapping  the  Indicator  to 
make  sure  all  friction  Is  removed* 


Note:    To  provide  vibration  (or  tapping)  for  the  Indicators,  roll 
the  screwdriver  handle  on  the  instrument  case  or  the  vacuum  chamber* 


Check 

Tolerance 

Results 

Zero  Setting 

Minimum  of  400  Feet  Per 
Minute  (fpm) 

Up: 

Down; 

Table  1*    Zero  Setting  Check. 


^Position  Error  Check,  Table  2. 

a.  Purpose:    To  determine  If  there  Is  an  excessive  amount  of 
play  In  the  mechanical  linkage* 

b.  While  looking  at  the  face  of  the  Indicator,  rotate  the 
vertical  velocity  Indicator  clockwise  360  degrees,  vibrate  and  read 
It  at  each  90  degree  position. 

c.  Record  the  Indicator^  readings  at  each  of  t^tese  four 
posltlona  In  table  2, 

d.  Record  each  result  aa  f eet-'per^minute  and  as  "S"  or  "U," 
accoidlng  to  the  tolerances  given. 


Check 

Tolerance 

Results 

Position 
Error 

±  50  fpm 

0' 

S/U 

90* 

S/U 

180" 

syu 

270' 

S/U 

Table  2.    Position  Error  Check. 
•8 


mi 


3,      Ug  Test,  Table  3. 

a.  Purpose:    Checks  Che  condlclon  and  calibration  of  che 
dtffuser  valve. 

b.  Open  the  "venc"  valve  and  close  the  "vac/press"  valve 
on  the  vacuum  pressure  panel, 

c.  Place  the  zeroed  vertical  velocity  indicator  In  the 
vacuum  chamber  so  the  dial  Is  easy  to  view  through  the  window  In 
the  chamber's^ door. 

d.  Close  and  lock  the  chamber  door. 

Note:    To  get  a  better  seal,  tighten  the  two  wing  nuts  closest 
to  the  hinge  first. 

e.  Close  Che  "vent"  vaive"of"the  "vacuum  pressure  panel. 

Note:  Before  proceeding,  apply  power  to  the  timer  and  familiarize 
yourself  with  Its  operation.    Carefully  read  steps  f,  g,  h,  and  1. 

f.  Open  the  "air  pressure'*  source  valve  on  the  back  of  the 
b^nch,  about  three  turns. 

Call  Instructor. 

Caution:    When  checking  the  pressure  portion  of  this  test,  do  not 
allow  the  mercury  to  rise  past  the  top  of  the  glass  column. 

g.  Open  the  vac/press  valve  on  the  control  panel  slowly  and 
steadily  until  the  vertical  velocity  Indicator  indicates  4,000  fpm  dive. 

h.  Quickly  shut  off  the  ^'vac/press''  valve  and  open  the 
"vent"  valve  allowing  the  pressure  to  escape  rapidly. 

(1)    The  pointer  will  pass  zero  and  Indicate  between 
2,500  and  5,000  faet-per-mlnute  climb. 

(Z)    As  the  pointer  begins  to  move  toward  zero, 
vibrate  the  vacuum  chamber  to  remove  friction  from  the  Indicator  and  time 
the  pointer  from  2,000  to  200  feet-per-minute  using  the  ttm«r. 

1.      Record  the  time  in  seconds  In  table  3  In  the  blank 
after  the  word  "preseura/* 


Check 

Tolerance 

Resul ts 

S/U 

Lag  Test 

7-12  Seconds 

Pressure : 

seconds 

Vacuum : 

seconds 

Table  3.    Lag  Test^ 

9  . 
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USH  j.  Indicate  with  an  "S*'  or  '*U"  whether  the  check  is 
saclsfaccory  or  unsaclsfactory  according  to  che  Colerance  given. 


k.      Shut  off  the  "air  pressure"  valve  on  Che  back  of 
the  bench  and  turn  on  the  "vacuum"  valve  on  the  back  of  che  bench. 

1.      Repeat  steps  3g  through  31  using  vacuum  and  recording 
che  results  In  seconds  In  table  3  In  che  blank  afcer  the  word  ^Vacuum.'* 

m.     Close  venc  valve  on  vac/pres  chamber. 
4.     Scale  Error  Chcclc.   —  — 


Noce:    The  A-1  Mercurial  bnroroecer  snd  cimer  are  uaed  as  mascer 
Indicscors  when  checking  che  vercical  velocicy  indicacor  co  determine 
if  scale  error  Is  presenc.    Scale  error  is  che  difference  becween 
che  Indicsced  race  of  che  indicscor  under  ceec  and  che  accuel 
(crue)  race  decennlned  from  che  mascer  indicacor.    If  the  Indicaced 
race  Is  greacer  than  che  accual  race«  ic  is  a  plug  error  and  if 
lesa  Chan  che  actual  race»  it  ii  a  minus  error.    Lacer  in  the  text 
you  will  use  a  formula  Co  co}itpuCe  the  error.    To  obcain  actual 
(crue)  race  of  change*  check  che  cime  required  for  che  mercury 
la  che  barometer  co  go  from  one  alcicude  eeccing  to  another. 

a.  Purpose ;    To  check  che  scale  accuracy  of  the  indicator. 

NoCe:    Read  sceo  4b  through  aceo  4k  bafora  you  scarc  performing 
your  checks;  also  vibrace  che  vacuum  chamber  to  remove  frictioa 
from  che  indicacor  inside  the  chamber  while  performing  che 
scale  error  check. 

b.  Lowar  the  barometer^s  sighclng  ring  co  2*000  feec 
on  che  baromecer's  alciCude  scale. 

c.  Close  the  '*venc"  valve  on  the  vacuum  chamber. 

d.  Using  vacuum,  slowly  open  che  "vac/prese"  valve  on  che  vacuum 
pressure  panel  and  cap  the  chamber  until  che  vercical  velocicy  indicacor 
IndicaCes  2»000  feec-per-mlnuCo. 

(1)  DO  NOT  $huc  che  *'vac/pre3e"  valve  off  when  che  indicacor 
Indlcaces  2»000  feec  per  minute.    Remember  the  indicacor  is  showing 

che  race  ac  which  che  alcitude  la  changing.    If  you  shut  the  valve 
off^  the  polncer  will  recurn  Co ^zero  because  alclcude  (pressure) 
li  no  longer  changing. 

(2)  Ic  will  cake  a  lictle  praccice  co  learn  how 
CO  concrol  che  vacuum  ac  a  sceady  race. 

e.  The  barometer's  mercury  column  should  be  dropping 
AC  the  rete  of  2»000  feec  per  mlnuce. 

£.     When  che  mercury  reaches  che  boctom  of  che  sighting 
rlngi  scarc  clming  ic  with  che  clmer. 

g.     Always  check  che  vertical  velocicy  indicacor  co  make  sure 
ic  is  tciXl  indicacing  2»000  feac^-per-^minuce.  ^ 
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h.      Slide  thft  sighting  ring  aown  co  4»000  faec  on  che 
baromecer^s  alclcuda  scale. 


Alrlcude 
in  Cc  rvax 
In  Feec 

Indicated 
^iQoxcatu t / 
Race  lo  FPM 

time 

Tn 

in 
Seconds 

Accuel  Rate 
In  FPM 

Error 

in 
FPM 

s  1 

/  1 

y 

Tolerance 
in 
FPM 

2000-AOOO 

2000  Up 

300 

AO 00-2000 

.    2000  Dn 

300 

2000- AOOO 

3000  Up 

300 

AOOO-2000 

3000  Da 

300 

2000-4000 

4000  Up 

400 

AOOO-2000 

4000  Dn 

400 

2000-4000 

5000  Up 

500 

AOOO-2000 

5000. Dn 

500 

15000-17000 

3000  Up 

350 

17000-15000 

3000  Dn 

350 

28000-30000 

2000  Up 

300 

30000-28000 

2000  Dn 

300 

28000-30000 

4000  Up 

400 

30000-28000 

4000  Dn 

400 

Table        Scale  Error  Check. 


1.     Whan  the  mercury  column  again  reaches  the  bottom 
of  che  sighting  rlng»  stop  the  claer*    Becord  the  time  It  took 
che  mercury  column  to  move  from  2«000  feet  to  4»000  feet  in  the 
column  labeled  ^^Tlrne  In  Seconds**  in  table  4< 

Hoce:    When  che  mercury  column  reaches  4^000  feet  alcltude 
or  boctom  of  che  sighting  ring  end  you  have  si:opped  your  timer* 
do  not  close  the  vacuum  source  valve«    Let  the  mercury  continue 
downscale  to  approxlmacely  4»800  feec  before  you  close  the 
source  valve  and  stop  the  mercury  column«    How  you  are  ready 
CO  proceed  to  step  J« 


W^ifi  y      After  the  indicator  under  test  stabilises  to  *'0*'  fpm,  use 

tUe  *'vpnt.  valve,"  of  the  vacuum  pressure  panel  to  slowly  release  the 

vacuum  at  ihv  rote  of  2,000  f eet^per-minute  dive  on  the  vertical  velocity 

' Indicator,  > 

Whan  the  mercury  column  reaches  the  bottom  of  the 

sighting  riaft.  start  the  timer.  ... 

"  Note:    tleread  st^ps  4b  through  4k  thoroughly^  until  procedure 
is  completely  utiderstood* 

Caution:    Never  eKce<sd  5,000  fpm  climb  or  dive  during  this 

bench  check*  , 

(X)    Move  thft  sighting  ring  back  to  2,000'  on  the 

barometer's  altitude  scale  and  atop  the  timer  when  the  mercury 

columa  reaches  this  2,000*  mark  at  the  bottom  of  the  sighting  ring* 

(2)    Record  the  time  it  took  the  mercury  column  to 
move  from  4,000*  to  2,000'  In  the  column  labeled  **Time  In  Second*" 

Note:    The  remaining  checks  in  table  4  are  performed  In  the 
sane  manner  except  that  the  indicated  rate  changes t  so  it 
will  take  Xaee  time  for  the  mercury  column  to  move  from 
one  altitude  teat  point  to  the  other* 

5,      Upon  completion  of  the  bench  check,  perform  the  following: 

Caution:    Do  not  exceed  a  dive  indication  on  the  indicator 
of  more  than  5,000  fpm  when  lowering  the  mercury  column 
back  to  field  elevation* 

a,      Lower  the  mercury  column  down  from  28,000  feet  to 
pressure  altitude. 


b*      Open  the  vacuum  chamber  door  when  tne  mercury  column 
has  reached  ambient  pressure,  remove  the  indicator  and  close  the 
vacuum  chamber  door*    Shut  off  vacuum  source  valve  on  the  back  of 
the  bench,  and  open  vent  valve* 

c.  Place  cover  on  A-1  mercury  barometer  and  put  your 
equipment  (screwdriver,  timer  and  vertical  velocity  indicator)  away* 

d.  Return  to  the  reading  room  with  your  workbook  and 
figure  out  the  actual  (true)  rate  of  climb  by  using  the  following 
formula; 

Note:    to  determine  the  interval  to  be  used  in  the  formula, 
refer  to  Table  4,  and  u6e  the  extreme  left  hanrl  column. 

Example:    Altitude  Interval  In  Feet;  2,000*^^,000.  The 
difference  between  the  two  numbers  la  2,000  foot  interval. 

\> 

Actual  ^ace  (Tru.)  -  Altitude  Interval  (In  £a.t)  ^ 

Time  (In  seconds)  1 

Example:    The  Indicated  rate  Is  2,000  feet  per  minute.    To  figure 
scale  error,  let's  work  this  problem  together. 
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Alcicude  Interval  «  2000  faec 
Time  In  Seconds  *  55  seconds 

Actual  Rste  -  x  ^  -  ^22000  .  2182  feet  per  miix. 

53  seconds        X  55 

The  ftcale  error  is  minus  182  feet  per  minute  >  because  the  indicated 
race  was  2000  feet  per  tnlnute  which  is  182  feec-per-minuce  less  than 
the  actual  rate  of  2,182  feet-per-minute. 

e.  The  error  of  cha  instrument  is  tha  differance  between 
cha  actual  rata  (trua)  and  the  indicated  rate. 

(1)  Remambar  you  sra  trying  to  datarttkine  how  much 
acale  eitror  the  indicator  has. 

* 

(2)  If  the  indicated  rata  it  more  than  tha  acttial  (true) 
rate,  thia  is  a  plus  (4*)  error.    If  the  indicated  rata  is  lass  than 

the  true  rate»  this  is  a  minus  (r)  arror. 

f.  Ba  sure  to  indicate  with  the  error  whethar  tha  result 
is  satisfactory  (S)  or  unsatisfactory  (U)  according  to  tha  tolerances 
given. 

g.  After  completing  this  workbook*  have  the  lab  instructor 
check  vour  work. 
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Sec c ion  2* 


BENCH  CHECK  OF  THE  ALTIMETER 


THIS  SECTION  OF  THE  WORKBOOK  COVERS  INFORMATION  AND  PROCEDURES 
FOR  PREPARING  THE  A-1  MERCURIAL  BAROMETER  FOR  BENCH  CHECKING  THE 
ALTIMETER.  / 

EQUIPMENT 


PROCEDURE 

AsIc  your  ioBtructor  for  the  required  equipment*    Perform  the 
bench  check  on  che  alclmacer  and  record  the  results  as  approprlete. 
If  you  have  difficulty  on  any  of  the  following  steps^  check  with 
your  instructor. 

Caution:    Remove  all  jewelzry* 


1.     the  first  adjustntent  laade  on  the  A-^1  mercurial  barometer 
before  it  can  be  properly  uaed  is  the  leveling  adjustment.  Remove 
the  cover  from  the  A-1  barometer*  look  at  the  base»  and  see  if  you 
can  find  two  levels  and  three  adjusting  screws.    (Refer  to  figure  1.) 
To  level  the  A-1  barometer  you  must  adjust  the  three  screws  until  the 
bubbles  In  the  two  levels  are  centered,    check  the  barometer  in  front 
of  you  end  level  it  If  it  is  not  level. 


Basis  of  Issue 


A-1  Hsrcurial  Barometer 
Alrineter  ^ 
Vertical  Velocr.ty  Indicator 
Vacuum  Chamber 
Screwdriver 

training  Film»  AVA  SSO»  Altimeter 


1/ student 
1/ student 
1/ student 
1/ student 
l/student 


Setting  Adjustment 


1/ student 
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LEVEUNG  SCREW 


Figure  1. 


2.     The  second  adjustment  on  the  A-1  mercurial  barometer  is  the 
temperature  adjustment.    To  make  this  adjuatment,  read  the  centrlgrade 
thermometer  that  is  located  on  the  right  side  of  the  barometer  tublabout 
midway  down.    The  thermometer  reads   'c. 

^h^»,•  y?""  *=he  temperature,  set  It  in.    Look-at  the  top 

of  the  barometer.    There  you  will  find  a  scaXe.  the  upper  portion  belna 

4r^'rfL"i '°  ^«  indeSmark  above  the 

th    tlT     tt       ''^  b«  adjusted  to  the  correct  temperature  by  rotating 
L:S:^/;  the  upper  left  of  the  barometer.    Turn  it  now  and  adjust  thf 
te^>«r«tura  sccX*  to  tha  t««peratura  recordad  la  step  2  abov* 


THERMOMETER 
ADJUSTING 
KNOB 


TEMPERATURE 
INDEX 

TEMPERATURE 
SCALE 


risura  2. 
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A,      The  barometer  is  now  correctly  adjusted  and  ready  to  use*  Tap 
the  table  to  aid  in  adjusting  the  meniscus  shape  of  the  mercury  in  the 
tube.    UnJloclj  the  vernier  clamp  nut  and  adjust  the  vernier  slide  assembly 
until  the  lower  edge  of  the  sighting  ring  is  in  line  with  the  top  of  the 
mercury  column.    Use  figure  3  as  an  aid  for  setting  the  sighting  ring 
correctly* 


RING 


Figure  3. 
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5.  The  left  side  of  the  scale  on  the  A-1  mercurial  barometer 
id  calibrated  in  millimecers  of  mercury  (mmHg),    Notice  on  Che  pre- 
ceding illufiCration^  the  millimetar  scale  is  numbered  every  tenth  line 
vlch  Che  final  zero  removed,  thus  630  nmHg  would  he  shown  as  63  on  the 
scale.    To  cake  a  reading  from  the  barometer  we  use  0  on  the  vernier 
scale  a&  an  index  mark  end  read  the  '    Uimecer  scale  agalnoc  ic.  Read* 
Ing  the  indication  on  the  illustration,  tha  index  mark  is  two  Increments 
above  630,  and  since  each  incremenc  equals  1  mmHg»  you  can  see  the 
indication  is  632  miiHg*    Locate  the  first  number  on  the  vernier  scale 
chat  io  aligned  to  an  index  mark  on  Che  main  ncale^  which  in  this  case 
would  be  4,    The  In^icaclon  shown  in  Chi  illustracion  Is  632, A  m&Hg. 
How  read  the  K^*!  barometer  in  front  of  you  and  record  the  indication 

In  Che  spece  provided  below.    Hotet    If  you  don^t  understand  ho^j  to 
read  ehe  milllmacar  scale»  check  x^th  che  instructor* 

Your  A-1  barometer  indication  Is  ^  mnUg, 

6,  In  paragraph  5  you  recorded  the  reading  of  che  A-1  mercurial 
baromecer  In  ninHg.    To  jse  chis  reading  with  che  altimeter,  you  must 
convert  the  reading  to  pressure  altitude  in  feec  and  local  pressure  in 
Inches  of  marcury,    A  chare  on  the  back  of  the  bench  la  used  for  these 
coviversions.    Notice  that  che  left  side  of  che  chare  Is  labeled 
"Praesure  Altitude  Chart'*  and  the  right  side  la  '^Hillimetera  ^  Inches 
Chart«^'    For  a  practice  exercise,  lec's  assume  that  che  barometer  read 
690,0  raiBg,    to  convert  this  reading  to  pressure,  altltiide^  use  the  side 
of  the  chart  labeled  ^'Pressure  Altitude  Chart/^    Start  at  the  lowar 
rlghc  side  of  che  chart  and  move  a  pencil  on  your  finger  along  the 
botcom  of  che  scale  until  you  locate  690  mmHg,    Now  move  directly  up 

to  the  top  part  of  the  scale  from  690  mnHg  and  you  will  read  a  pressure 
altitude  of  2650  feet*    To  converc  690  mmHg  to  Inches  of  mercury,  you 
must  refer  to  the  right  side  of  the  chart  marked  ^'Millimeters  -  Inches 
Charts"  and  again  locate  690  nanHg  on  the  boctom  of  ch«  scale.  Again 
piove  up  to  che  top  of  the  scale  from  690  mmHg  and  you  will  read  27,17 
inches  of  Hg* 

For  practice,  use  che  chart  co  convert  the  following) 

1,      736,6  mmHg    Inches  Hg, 

2*     7Al*A  mnHg  -    Inches  Hg. 

3,  741  mmHg  *         ^       faet  pressure  altlcude. 

4,  724*6  mmHg  -    feec  pressure  altitude. 

Note:    Call  che  instructor*  he  will  verify  above  readings. 
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ALTIMETER  SETTING  ADJUSTMENT 


1*     Perform  a  visual  inspaction  of  the  altimacar  and  complete 
chackd  a.  through  c.  listad  below.    Enter  an  S  (Satiafactory)  or  U 
(Uuaatlafactory)  in  the  space  provided. 


a*      Appearance  of  caae^  including  chipa  and  cracks 

bt      Burred  or  looae  screws  ♦ 

Ct      Scratched,  discolored,  or  loose  glaaa  * 


Note:    See  film  AVA  550,  Altimeter  Setting  Adjustment. 

2*     Perform  the  2ero  setting  check*    (Mechanical  linkage  check)* 

a*     Set  the  pointers  of  the  altimeter  at  zero  feet* 

bt      Vibrate  the  altimeter  to  remove  any  friction  and  reset 
the  pointers  to  zero  if  necessary* 

Loosen  the  baro  setacrev  by  turning  it  counterclockwise 
until  the  ahoulder  of  the  screw  rises  above  the  surface  surrounding  It* 
Ce  careful  ao  that  you  don^t  tarn  the  screw  so  far  chat  it  falls  out* 


TOP  View 


OF 


3toe  view 


dt      Rest  the  back  of  the  altimeter  on  the  bench  holding 
the  altimeter  in  t  ict     aright  position,  move  the  screw  up  and  to  the 
left  to  ur^lock  the  v    .  set  knob* 


\ 


e*      Pull  out  Che  baro  set  knob  and  set  the  barometric 
scale  to  29.92'*  Hg.    The  altimeter  pointers  should  still  indicate 
z^to  feat.    If  the  pointers  read  other  than  ::ero  feet,  go  back  to 
atap  a« 

ft      Push  the  baro  sec  knob  In  and  lock  the  setscrew  by 
sliding  the  screw  back  to  its  original  position  and  turning  it 
clockwise^  lock  the  baro  set  knob  in  place*    Turn  the  baro  set  knob 
to  sea  if  both  pointers  and  barometric  scale  move  as  they  should. 


K.     Turn  the  baro  sat  knob  until  th«  baromater  scale  Is 
indicating  28.50^'  Itg.    Tap  the  Indicator  and  enter  the  indication  in 
Table  I.    Compare  the  indications  of  the  pointers  to  the  tolerance 
lifted  and  enter  an  (S)  or  (U)  in  the  space  provided.    Complete  the 
remaining  checks  in  Table  X. 


Baromecric 
Scale  Sectinft 

Correct  Pointer 
Indication 

Tolerance 

Instrument 
Reading  in  Fc. 

S  or  U 

28.50"  Hg 

-1,340' 

125* 

29.92"  Hg 

+25* 

30.90"  Hg 

+893* 

±25* 

Table  I,    Mechanical  Linkage  Check* 


3,     Perform  an  altimeter  setting  adjustment.    This  adjustmeat 
is  made  to  insure  the  pointets  will  be  synchronized  with  the  baro- 
metric disc, 

a.  Record  the  csoHg  that  you  read  on  the  baxometer  in  the 
space  provided  in  Table  II,    (Paragraph  5  of  section  A  on  page  4), 

b.  To  prepare  the  altimeter  for  an  altimeter  setting^  the 
following  steps  are  neceesary: 

(1)  Local  pressure  must  be  changed  to  sea  level 
pressure  as  the  starting  point.    This  is  accomplished  by  adding  ,1'*  Hg 
CO  the  baromecric  acale  indication  for  every  one  hundred  feet  of  field 
eleveCion,    (This  must  be  dona  any  time  a  nev  altimeter  is  installed 
in  ar  aircraft  and/or  psriodically  checked,) 

(2)  Chanute  Air  Force  Base  has  a  surveyed  field 
elevation  of  744*  above  sea  level.    When  field  elevation  is  between 
the  hundred  foot  marks  it  should  be  increased  to  the  next  higher 
Glavac<on  which  in  thia  case  would  be  800  feet.    This  means  we  Tru&f; 
add      '  Hg  to  the  barometric  indication  obtained  from  the  barombtter 
after  conversion^  explained  in  n^t  paragraph, 

(3)  You  should  have  the  barometric  reading  obtained 
fro:i>  paragraph  5,  page  4>  recorded  in  the  first  block  of  Table  II, 
The  barometric  reading  must  be  converted  to  Pressure  Altitude  in  che 
next  block.    Pressure  Altitude  must  be  converted  to  "  Hg  which  is 
local  Preaeure  in  "  Hg,    Add  ,8''  Hg  to  Local  Pressure  to  obtain  the 
Altimeter  Setting. 
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Barometer  Reading 

mmHg 

Pressure  Altitude 

Feet 

Local  Pressure  - 

 **Hg 

Altimeter  Setting    - 

 *'Hg 

table  II* 

c*     Set  in  field  elevation  on  your  altimeter  (744  feet 
for  Chanute) * 

d*      Unlock  the  baro  locking  screw  as  you  did  In  item  2c* 

a*     Full  out  the  baro  set  knob  and  set  in  the  altimater 
setting  recorded  in  Table  II*    CnXy  the  barometric  scale  should  mcve; 
if  the  polntars  move»  go  back  to  step  d* 

f*     Push  in  the  baro  set  knob  and  turn  the  locking  screw 
cXockijisa,  until  tight*  co  lock  the  baro  set  knob  in  position* 

g*     The  altimacer  is  now  sec*    For  bench  check  purposes 
turn  the  baro  set  knob  until  the  baro  scale  indicates  29*92  inches 
of  mercury*    the  pointers  must  indicate  the  pressure  altitude  recorded 
in  Table  II*    If  Che  pointers  don*t>  set  in  the  pressure  altitude 
recorded  in  table  IX  into  the  altimeter*^,^T^  altimeter  will  now  indi* 
cata  the  same  reading  as  the  right  hand  scale  of  the  A»l  baromater* 

4*     Perform  the  scale  friction  error  bench  check* 

a*     Zero  the  varcical  velocity  indicator  and  place  it  and 
the  altimeter  into  the  vacuum  chamber* 

b*     Close  the  vacuum  chamber  door  and  tighten  the  wing 
nuts  finger  tight* 

c*      Open  the  vacuum  valve  located  on  the  rear  of  the 
work  bench* 

d*      Remember  that  scale  error  is  the  difference  between 
the  test  point  and  the  indicator's  after  tap  indication*  Friction 
error  is  the  difference  between  the  before  and  after  tap.lndicstions. 
In  recording  these  errors «  remember  that  scale  error  must  always  have 
a  plus  (+)  or  minus  (-)  sign  with  it  and  an  (S)  or  (U)  according  to 
the  tolerance  at  the  test  point*    Friction  error  never  has  a  sign  but 
must  have  an  (S)  or  (U)  according  to  the  tolerance* 
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Mote:    Read  paragraphs  d  through  h  before  beginning  this  test* 

a,      Cloije  the  vent  valve  and  begin  Table  III*    Move  the  sighting  ring 
of  the  barometer  to  each  test  point  provided,  then  apply  vacuum  until  you 
reach  that  test  point.    The  barometer  Is  the  master  instrument  for  this 
test.    The  first  test  point  is  1,000  feet*    Caution:    Never  exceed  3000  FPM 
on  the  vertical  velocity  indicator  when  chanstinR  from  one  altitude  check 
polat  to  the  aezt  altitude  check  point* 

Note:    Clo£3e  VAC/Presa  source  valve  at  each  teit  point, 

f.      Record  the  Indication  of  ;he  altimeter  in  the  space  provided  in 
Table  III, 

g*     Vibrate  the  altimeter  and  record  the  indication  in  the  after 
tap  column  in  Table  m, 

h.  Enter  the  scale  error  in  the  space  provided  in  Table  III.  Match 

the  scale  error  to  its  tolerance  and  place  an  (S)  or  (U)  in  the  space  provided. 

i.  Enter  the  friction  error  in  the  space  provided  in  Table  III  arid 
match  the  friction  error  to  its  tolerance  and  place  an  S  or  U  in  the  space 
provided, 

j*  Complete  the  remaining  checks  in  Table  III* 


.  INSTlt]u^a 

iST  INDICAi: 

CONS 

TOLERWICE  IN  FEE' 

r  R3 

EStJLT  OF  CHECK 

Tesc 

Point 

Before  Tap 

After  Tap 

Scale 
Error 

Friction 
Error 

Scale 

Error 

s/u 

Frlcclon 
Error 

S/U 

1,000' 

±35 

70 

2 ,000  • 

40 

70 

3,000' 

45 

70 

4,000' 

50 

70 

5,000' 

55 

70 

10 ,000 • 

SO 

80 

15 ,000 ' 

105 

90 

20 ,000  • 

130 

100 

25,000' 

155 

120 

50,000' 

230 

250 

.  Table  III. 


Note:  Upon  reaching  50,000',  close  the  vacuum  control  valves  on  the 
back  of  Che  work  bench  t^d  (ja  'the  test  panel. 
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3.     Hysteresis  and  after  effects.    (Check  for  metal  fatigue  and  ability 
of  the  aneroldi  to  contract  to  their  original  shape*) 

a.  Maintain  the  30*000^  indication  for  no  longer  than  5  minutes. 

b.  To  prepare  Table  IV  for  these  tests:  Enter  the  "instrument 
Indications  After  Tap  Raading"  from  Table  III  at  23»000  feet  into  the 
space  provided  in  Table  IV. 

c.  Vent  off  the  vacuum  until  the  barometer  indicated  23*000  feet. 
Kote:    Do  not  exceed  3*000  feet  per  minute  dive. 

d.  Wait  3  minutes^  vibrate  the  altimeter^  and  record  the  indication 
In  the  '*Elftading  After  Time  Period**  colum  of  Table  IV. 

e.  Enter  the  difference  between  the  two  indications*  and  an  (S)  or 
(U)  as  applicable*  in  the  spaces  provided* 

£*     Complete  the  20*000  test  point  by  following  the  same  steps  as  used 
on  the  23*000'feet  test  point* 


Xeftt 

Point 


30  *000* 


23*000* 


Wmltlag 

Period 


Dot  Longer 

Than  3 
Minutes 


ULnutes 


Initc«tlMi  After 


Satisfactory 

Besults 

Or 

Unsatisfactory 

±100* 


20*000* 


3 

Klnutes 


+  100' 


Pressure 
Altitude 


2 

Minutes 


I  30' 


Table  IV* 

g*     Vent  off  the  remaining  vacuum  until  the  mercury  in  the  barometer 
stops  moving  upscale*    The  point  at  which  the  mercuty  stops  will  be  the 
*'Pressure  Altitude.*'    Go  back  to  Table  II  and  record  the  pressure  altitude 
in  the  '*Instrument  Indications  After  Tap  Reading'*  column. 

h*     Open  the  vacuum  chamber  door  and  coipplete  the  after  effects  test 
at  pressure  altitude  in  Tibbie  IV  by  entering  the  indication  of  the  altimeter 
into  the  space  provided  in  Table  IV  and  entering  an  '*S**  or  *'U.'* 
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i.     Remove  the  altimeter  and  vertical  velocltv  Indicator  txo^  t^^ 
vacuum  chamber  and  set  them  on  the  work  h«nch  u  nthe  normal  position. 

j.     Cloae  the  chamber  door  and  tighten  the  wing  nuts  flngei;  tight* 

Frame  41 

6.     The  Poaltlon  Error  Check. 

a*      VlbraCa  th*  indicator  and  r«cord  the  indication  in  Table  V* 

b*     Turn  the  altimeter  90*  right  and  record  the  after  tap  Indication 
in  the  space  provided  in  Table  V. 

Note;    If  the  reading  is  greater  than  the  normal  position,  it  is  a 
plus  (4*)  error,  if  It  is  less,  it  is  a  minus  (-)  error. 

c*      Enter  an  (S)  or  (U)  for  the  tolerance  in  the  space  provided  in 
Table  V*    Note:    Indication  should  not  exceed  ±20'  from  normal  indication* 

d.      Complete  the  remainder  of  Table  V. 


Pofitioni 


Normal 


90  Right 


180^ 


Readings 
In  Feet 


Tolerances 


±  20< 


±20' 


Results  of 
Check 
In  Feet 


Satisfactory 
Or 

Unaatiafactory 


270 


±20' 


Table  V. 


7*     Tlie  bench  check  of  the  altimeter  is  now  complete. 

a.  Cover  the  A^l  mercurial  barometer* 

b.  Check  all  pressure  and  vacuum  valves  and  oake  sure  they  are  closed. 

c.  Return  the  altimeter,  vertical  velocity  indicator  and  screwdriver 
to  the  Instructor. 


Section  3-    BENCH  CHECK  OF  THE  tIAXIMUM  ALLOWABLE  AIRSPEED  INDICATOR 


EQUIPMENT 


Maximum  Allcxjable  Airspeed 

Indicator 
Mercury  Manometer 
Water  Manometer 
Vacuum  Chamber 
Screwdriver 


Basis  of  Issue 

1/student 
1/student 
1/student 
l/student 
1/student 


i>ROCEDUR£ 

USING  THE  FOLLOWIMG  PROCEDURE,  PERFORM  A  BENCH  CHECK  ON  THE  MAXIMUM 
ALLOWABLE  AIRSPEED  INDICATOR. 

Caution;    Remove  all  jewelry. 

INDICATED  AIRSPEED  SECTION 

1.      Preliminary  set  up  of  the  test  equipment. 

a.      Compare  your  lab  station  to  figure  1.    Are  the  hoses  and 
screw-on  dust  caps  in  the  positions  shown  in  figure  1?    IF  THEY  ARE  NOT, 
CALL  YOUR  INSTRUCTOR  IMMEDIATELY!  ^ 


5  DUST  Caps 


WATER  MANOMETER 


MERCURY  MANOMETER 

VACUUM  CHAMBER  AND  VACUUM 
PRESSURE  fWNEL  ASSEMBLY  - 
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b-      Look  at  die  water  manometer  located  to  the  left  of  the 
vacuum  chamber.    Rotate  the  scale  select  knob  (large  knob,  ficure  2:1 
unt  1  th.  .cal«  labeled  "using  water  read  knots"  is  In  vlL.^e  label 
will  be  found  along  the  right  hand  edge  of  the  scale,  see  figure  2 


LABEL  UXA7HD  HERE, 
JUST  ABOVE  !70  KNOTS 


WATER  MANOMETtR 


SCALE  SELECT  KNOB 


Figure  2, 
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Look  at  the  mercury  manometer  located  to  the  right  of  the 
vacuum  chambe'^.    Rotate  the  scale  select  knob  until  the  scale  labeled 
"using  mercury  read  knots"  is  in  view.    The  label  will  be  found  along  the 
right  hand  odge  of  the  scale* 

d*      Locate  dust  caps  A  and  B  in  figure  3*    Remove  dust  caps  A 
and  B  and  place  them  on  the  bench  next  to  the  vacuum  chamber. 


Figure  3. 
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n^'  vacuum  chamber  door  approximately  one  inch.  Open 

Cfte  vent  valve  at  least  four  turns  counterclockwise.  Close  the  "vac/press" 
source  valve  by  rotating  it  to  a  fully  clockwise  position,  see  figure  4. 


VENT  VALVE 
(C0UNTER-CUXKWI3E) 


VAC/PRESS 
SOURCE  VALVE 
tCLOCKWlSE) 


Figure  4, 

f.      Open  the  pressure  valve  on  the  water  tnanometer  by  turning 
the  arm  of  the  valve  so  that  it  is  straight  up  and  dowiit  see  figure  5. 


MOVEMENT 


Figure  5, 
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The  vacuum  and  the  pressure  source  valves  located  at  the 
back  of  the  workbench  must  be  closed  finger  tight  in  a  clockwise  direction, 
see  figure  6* 

PRESSURE 


ClJOCKWtSE 


VACUUM 


Figure  6, 

h»     At  this  point,  the  system  is  completely  free  of  external  or 
trapped  pressures  that  would  have  affected  the  zeroing  of  the  manometers* 

i«      Zero  the  water  and  mercury  manometers  by  rotating  the  zero 
adjustment  screw  mtil  the  zero  line  on  scale  is  correctly  aligned  with  the 
water  meniscus*    Refer  to  figure  7     page  29* 

Jlote;    The  water  manometer  is  zeroed  when  the  Igw  point  of  the 
water  meniscus  is  aliened  with  the  zero  line  on  the  manometer  scale* 

The  mercury  manometer  is  zeroed  when  the  high  point  of  the  mercury 
meniscus  is  allj^ned  with  the  zero  line  on  the  manometer  scale. 


X244 
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j*      Remove  hose  number  1  from  the  back  of  the  vacuum  chamber 
by  unscrewing  the  hose  adapter  from  the  fitting  on  the  back  of  the  vacuum 
chamber*    The  hose  adapter  must  be  rotated  counterclockwise  to  remove  lt»  see 
figure  8a • 

(1)  Remove  the  dust  cap  from  the  back  of  the  indicator* 

(2)  Secure  hose  number  1  to  the  fitting  on  the  back  of 
the  inaicator*    You  must  make  sure  that  there  is  a  rubber  "0"  ring  gasket 

in  place  and  In  good  condition  before  the  connection  is  made>  see  figure  8b* 

(3)  Place  the  indicator  on  top  of  the  vacuum  chamber* 


Figure  8a,  Figure  8b* 
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k*     Rsiaove  hose  number  two  from  the  upper  fitting  of  the  mercury 
manometer  and  secure  it  to  the  lower  fitting,  see  figure  9*     Be  sure  that 
the  rubber  ''0"  ring  is  in  place  and  in  good  condition  before  making;  the 
connec  tion . 


FROM  HERE   

HOSE  NUMBER  Z 
TO  HERE   


Figure  9* 
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1.    open  the  pressure  source  valve  on  the  back  of  the  workbench 
at  least  2  complete  revolutions  counterclockwise  but  not  more  than 

Close  the  vent  valve  on  the  vacuum  pressure  panel. 

This  completes  the  preliminary  set  up  o£  the  test  equipment* 
Careful  obsearvatlon  of  the  completed  set  up  will  show  that  as  you  apply 
pressure  (simulated  Ft  Increases)  to  the  airspeed  indicator*  you  are  also 
applying  pressure  to  the  water  manometer  and  the  mercury  manometer*  see 
figure  10, 


SIMULATED  Pt 


Figure  10* 

2,     Determlnntion  of  scale  error  and  friction  error* 

a.      Since  you  have  zeroed  the  manometers  and  selected  the  correct 
scaXddt  the  manomoter  may  now  serve  as  a  master  indicator  for  determining 
if  the  airspeed  section  of  the  Indicator  is  in  satisfactory  condition*  Since 
water  is  much  lighter  than  mercury^  the  water  manometer  xmist  be  used  with  low 
prosaurea  only*    High  pressures  will  cause  the  water  to  be  pushed  up  and 
out  the  top  of  the  glass  tube  making  the  manometer  worthless  as  a  master 
indicator*    The  mercury  manometer  Is  used  with  hi^  Pressures «    When  high 
pressures  are  used,  the  water  manometer  must  be  isolated  or  eliminated  from 
the  system*    When  and  how  to  isolate  the  water  manometer  will  be  discussed 
in  the  following  steps. 
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b.      Slowly  open  the  vac/press  source  valve  on  the  vacuum 
pressure  panel  and  allow  the  v  ,ter  to  rise  until  the  meniscus  is  aligned 
with  the  60  knot  increment  on  the  scale  of  the  water  manometer.  (Read 
throjgh  step  c.  before  entering  readings  in  table  1.) 

(1)  llead  the  indicator. 

(2)  Entar  the  reading  in  the  column  labeled  "Before  tapping*', 

table  1. 


(3)  Tap  the  indicator  gently. 

(4)  Read  the  indicator. 


(5)    Enter  the  reading  in  the  column  labeled  "After 
tapping",  table  1« 


READINGS  TAKEN  UPSCALE  -  WATER  MANOMETER 

Test 
points 

Before 
tapping 

After 
tapping 

Scale 
error 

Scale 
error 
tol. 

Sat  or 
unsat 

Friction 
error 

Friction 

error 

tol. 

Sat  or 
unsat 

60 

±  4.0 

3.0 

120 

±  2,0 

3,0 

180 

t  2.5 

3,0 

*260 

±  3-0 

3.0 

*Read  this  teat  point  from  the  mercury  manomater. 

Table  1, 

c.      If  the  water  will  not  remain  at  the  desired  test  point 
after  you  have  closed  the  vac/presa  source  valve^  recheck  your  connections. 
If  you  cannot  stop  the  water  from  dropping,  open  the  vac/press  source  valve 
enough  to  maintain  the  desired  test  point« 

d*     Repeat  atep  **b"  and  step  "c'*  for  each  of  the  remaining 
test  points  in  table  1,    Enter  your  results  in  the  appropriate  coiimm* 

e.     Compute  the  ftcale  error  and  the  friction  error  for  each 
teat  point  in  table  1« 

Notei    (scale  error)    If  the  Indicator's  after  taj)  reading  is  larger 
than  the  master  indicator's  teat  point  (manometer  reading),  the  scale 
error  ia^  glus  or  positive  (+).    If  the  indicator's  after  tap  reading 
is  smaller  than  the  master  indicator's  teat  point  (manometer  reading), 
the  scale  error  is  minua  or  negative  (-►)  * 


33 


1249 


Note:    (friction  arror)    Friction  error  Is  the  difference  between  what 
the  Indicator  was  reading  before  you  tapped  it  (before  tapping)  and 
what  It  reads  after  you  tapped  it  (after  tapping) > 

Friction  error  never  has  a  plus  (4-)  or  a  minus  (-)  sign  with  it  because  you 
are  not  comparing  the  Indicator's  readings  to  the  master  Indicator's  (man- 
ometer) readings •    Friction  error  compares  the  before  tap  and  the  after 
taL  read^nRs> 

£*  Compare  the  amount  of  scale  error  you  recorded  In  the  scale 
error  column  to  the  tolerance  given  for  that  test  point*  Record  an  '*S*'  or 
a  ''U*'  for  satisfactory  or  unsatisf actory* 

g»     Enter  an  **S"  or  a  ''U"  for  friction  error  by  comparing  it 
to  the  tolerance  given  for  each  test  point* 

h»     The  water  manometer  must  remain  at  260  loiots  until  the  down- 
scale  check*    Therefore,  close  the  pressure  valve  on  the  water  manometer > 
The  arm  of  the  valve  should  be  parallel  to  the  surface  of  the  workbench* 

Caution:    Be  sure  the  water  valve  is  shut  off*    If  It  is  not, 
the  water  will  be  forced  out  of  the  top  of  the  manometer.    If  this 
happens*  the  manometer  has  to  be  sent  to  the  base  shop  for 
recallbration*  " 

1*      DID  YOU  TURN  THE  PRESSURE  VALVE  LOCATED  ON  THE  WATER 
MANOMETER  TO  THE  CLOSED  POSITION  (parallel  to  the  surface  of  the  workbench)? 


yes 


no 


If  your  answer  is  no»  then  turn  the  valve  to  the  closed  position  now, 

j.      Using  the  mercury  manometer^  continue  upscale^  stopping  at 
each  test  point  in  table  2*    Enter  your  results  for  each  test  point  and 
compute  the  scale  error  and  the  friction  error  just  as  ^ou  did  in  table  1. 


READINGS  .TAKEN  UPSCALE  -  MERCURY  MANOMETER 

TesL 
points 

Before 
tapping 

After 
tapping 

Scale 
error 

Scale 
error 
tol. 

Sat  or 
unsaC 

Friction 
error 

Friction 

error 

tol. 

Sat  or 
unsat 

±  A.O 

3,0 

A20 

±  5.0 

3.0 

500 

±  6.0 

3,0 

580 

±  6.0 

3,0 

650 

±  8,0 

3,0 

Table  2. 
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i'w      Using  thta  vent  valve,  located  on  the  vacuum  pressura  panel, 
slowly  release  the  (/ressure  to  allow  the  mercury  to  drop  to  each  test  point 
in  table  3.    Enter  your  results  for  each  test  point  and  coiapute  the  scale 
error  and  the  friction  error  just       you  did  In  tables  1  and  2* 


READIHGS  TAKEN  DflWNSCALE  -  MERHnTRY  MANOMETER 

l^intB 

Before 
tapping 

After 
tapping 

Scale 
error 

Scale 
error 

tol* 

Sat  cr 
unsac 

Friction 
error 

Friction 

error 

tol. 

Sat  or. 
unsftC 

sao 

±  8,0 

* 

3-0 

500 

±  6.0 

3.0 

420 

±  5,0 

3.0 

340 

±  4.0 

3.0 

260 

±  4*0 

3,Q 

Table  3. 

1.-    Open  the  pressure  valve  on  the  wate^r  manometer* 

m*      Using  Che  water  manometer  and  the  vent  valve,  continue 
downacale,  stopping  at  each  test  point  in  table  4*    Enter  your  results  for 
each  test  point  and  compute  the  scale  error  and  friction  error  just  as 
you  did  in  tables  1  thru  3* 


KEADIBGS  TAKES,  DOWBSCALE  -  WATER  MANOMETER 

points 

Before 
tapping 

After 
tapping 

Scale 
error* 

Scale 
error 
tol. 

Sat  or 
unsat 

Friction 
error 

Friction 

error' 

tol* 

Sat  ot  * 
unsat' 

180 

±  2*3 

3*0 

-,120 

t  2*0 

3*0 

±  4*0 

. 

Table  4* 

n,      Uding  the  vent  valve,  decrease  the  pressure  to  zero* 

o.      Close  the  pressure  source  valve  on  the  back  of  the  workbench. 

p*     Recheck  your  entrieij  in  tables  1  thru  4* 

(1)    In  the  scale  error  column  you  must  have  a  plus  (+)  or 
minus  (-)  sign,  the  correct  numerical  difference  between  the  test  point  and 
the  indicator's  after  tap  reading*  and  an  *'S**  or  a  "U"  according  to  the 
tolerance  given  for  each  test  ^oint* 

'I  * 
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(2)  In  the  friction  error  colmm  you  muat  have  the  correct 
numerical  difference  between  the  before  tap  reading  and  th^  after  tap  reading 
^nd  au  *'S**  or  n  **U**  according  to  the  tolerance  given  for  each  teat  point* 
NEVER  piace  a  plus        or  a  minus  {-)  aign  with  friction  errort 

(3)  After  completion  of  this  test,  close  the  water  valve 
on  the  water  manometer t 


MAXIMUM  ALLOWABLE  AIRSPEED  SECTION 

3,     Determination  of  scale  error  and  friction  error, 

a*     Go  to  an  A-1  barometer  and  find  the  local  pressure  in  milli- 
meters of  mercury.    Since  the  mercury  manometer  is  graduated  in  centimeters 
of  mercury,  it  will  be  necessary  to  convert  the  barometer's  mmHg  reading 
to  cmHg  by  moving  the  decimal  point  one  (I)  place  to  the  left, 

(1)  Example:    735*3  mmHg  «  73,53  cmHg, 

(2)  Ask  your  instructor  for  the  critical  mach  nunfcer  to  be  , 
used  while  performing  the  bench  check,    EHTER  BOTH  PIECES  OF  I!IK)mTION 

IN  THE  SPACES  PROVIDED,   ^cmHg,   ^Critical  mach  nunber, 

b.  Disconnect  the  hose  from  the  airspeed  indicator,  Reconnect 
the  hose  to  the  vacuum  chamber.    Check  the  ''0'*  ring, 

c.  Plac3  the  indicator  in  front  of  you  30  you  can  see  the  mach 
number  scale  and  the  mach  index  marker. 

Note;    The  mach  number  scale  and  the  mach  index  marker  are  for  the 
use  of  the  instrument  man  only.    They  are'hard  to  see  and  purposely 
painted  black  so  the  pilot  will  not  confuse  them  with  the  indicator's 
airspeed  scale  and  pointer, 

d.  Remove  the  hex  head  Allen  type  dust  cap  from  the  rear  of 
the  indicator  and  turn  adjustment  screw  found  under  the  cap  with  a  screw- 
driver until  the  mach  index  marker  is  aligned  with  the  critical  mach  number 
(M  crit)  given  to  you  by  your  instructor.    Replace  cap  after  adjustment  is 
made, 

e.  Turn  the  maximum  allowable  airspeed  pointer  adjustment  on 
the  front  of  the  indicator's  case  fully  counterclockwise  to  insure  proper 
reading  of  the  maximum  allowable  pointer.    Do  not  overtorqu^  the  screw. 
Damage  to  the  pointer  linkage  may  result, 

f.  At:  the  bottom  of  each  altitude  scale  (scales  labeled  *'Read 
altitude  in  thousands  of  feet*')  you  will  find  a  section  of  the  altitude 
scale  marked  off  in  centimeters  of  mercxjry, 

(1)    Using  the  scale  select  kno'b,  rotate  the  scales  of  the 
manometer  until  you  find  an  altitude  scale  containing  a  centimeter  section 
whose  range  includes  the  local  pressure.    If  it  does  not  appear  on  one 
scale,  then  rotate  the  scales  until  the  next  scale  Is  in  view*    You  will 
find  that  the  scale  you  now  have  in  view  begins  where  the  previous 


1252 


scale  left  of f >    Figure  11  shows  the  correct  position  of  the  scale  for  a 
local  pressure  of  73.8  centimeters  of  mercury*    Rotate  the  zero  adjustment 
screw  until  the  local  pressure  is  in  line  with  the  n^rcury  meniscus. 


Figure  11* 

g»  Disconnect  the  hose  from  the  lower  (pressure)  fitting  on  the 
mercury  manometer  and  reconnect  the  hose  to  the  top  (vacuum)  fitting  on  the 
manometer*    Check  the  "0'*  ring* 

h*      Place  the  indicator  in  the  vacuum  chamber  so  it  can  be  easily 
viewed  through  one  of  the  two  windows  in  the  vacuum  chamber  door*    Close  the 
door  and  tighten  the  wing  nuts.    Be  sure  that  you  tighten  the  two  wing  nuts 
that  are  next  to  the  door^s  hinge  first;  then  tighten  the  remaining  two 
wing  nuts.    This  will  insure  a  tight  seal  between  the  door  and  the  vacuum 
chamber* 
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i.      Locate  the  M  crlc  assigned  to  you  In  table  5«    Directly  belov 
the  M  crlt  you  have  been  assigned,  you  will  find  a  list  oic  maximum  allowable 
pointer  readings  for  specific  altitudes*    Copy  the  list  of  knots  Into  the 
spaces  In  the  column  labeled  "pointer  position*'  o£  table  6, 


CRITICAL  MACH  NUMBER  (M  crlc) 

.6 

-7          1  ,8 

Altitude 
(£eec)  , 

Airspeed 
(knots) 

Airspeed      |  Airspeed 
(knots)       1  (knots) 

Airspeed 

(knots) 

0 

10,000 
20,000 
30,000 
40,000 
50,000 


397 

-  333 
275 

«  223 
177 

-  140 


463 
390 
323 
262 
209 
165 


530 
448 
373 
303 
242 
192 


595 

—  507 
423 

—  346 
277 

■-  220 


All  scale  error  tolerances  are  ±  4.0  knots. 
All  friction  error  tolerances  are  3.0  knots. 


Table  5. 


Altitude 
(feet) 

Pointer 

position 

(knots) 

Before 
tapping 

After 
tipping 

Scale 
error 

Z/V 

friction 
error 

S/U 

10,000 

20,000 

30,000 

^0,000 

50,000 

All  scale  error  tolerances  are  ±  4<0  knots* 
All  friction  error  tolerencaa  are  3<0  knots* 


Table  6< 

j .      CHECK  TO  BE  SUEE  THAT  THE  WATER  VALVE  ON  THE  WATER  MANOMETER 
IS  CLOSED,   

k.     Close  the  vent  valve  on  the  vacuum  chamber, 

1,      Open  the  vacuum  source  valve  at  the  back  o£  the  workbench, 
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Open  the  vac/press  source  valve  on  the  vacuum  pressui  panel 
and  H lowly  run  the  mercury  up  to  each  test  point  in  table  6*    Complete  the 
tH*ft»ro  Liip*  after  tap*  ncalc  error*  and  friction  error  entries  for  table  6* 

u*     After  you  have  completed  the  50*000  foot  test:  point*  DO  NOT 
LOWER  THE  MERCURY  but  proceed  to  thi  "Hysteresis  test." 

4*      Hysteresis  tes^  (metal  fatigue  of  the  aneroid)* 

a*     Open  the  vent  valve  and  slowly  drop  the  mercury  to  the 
30*000  foot  test  point.    Allow  the  mercury  to  remain  at  this  test  point 
for  a  period  of  five  minutes. 

b.     After  the  five  minute  waiting  period*  tap  the  vacuum 
chamber  and  record  the  reading  in  table  7  in  the  colunm  labeled  '^Reading 
at  end  of  time  period." 


pelatt 

TIM 

parlod 
(nda.) 

rM«ilng 
(knots) 

ftaadlag  «c  end 
of  tin*  p««lod 
(kaot«) 

Brror 

S/U 

Tolwmctt 

30,000 

5 

1  2  knot! 

10»000 

1 

t  2  knots 

Table  7. 

c.  Take  the  after  tap  reading  of  the  indicator  at  30*000  feet 
from  table  6  and  enter  this  figure  in  the  column  labeled  "Upscale  reading" 
in  table  7. 

d.  The  difference  between  these  two  figures  Is  the  hysteresis 
error  or  metal  fatigue  of  the  aneroid  and  should  be  recorded  in  the  error 
column. 

e*     Hysteresis  error  nnist  be  labeled  as  a  plus  (-f)  error  if  the 
readi&g  after  the  time  period  is  larger  than  the  upscale  reading  and  a  minus 
(-)  error  if  the  reading  after  the  time  period  is  smaller  than  the  upscale 
reading. 

f.  An  "S"  for  satisfactory  and  a  "U**  for  unsatisfactory  should 
also  be  placed  in  the  S/U  column  according  to  the  tolerances  listed. 

g.  Again  open  the  vent  valve  and  lower  the  mercury  to  10*000 
feet.    Allow  the  mercury  to  remain  at  this  test  point  for  a  period  of  on^^ 
minute. 

h^     Determine  and  label  the  error  just  as  you  did  for  the  30,000 
foot  test  point » 


vacuum. 


loose « 


Lab  station  clean  up. 

a.      Using  the  vent  valve,  slowly  vent  off  all  of  the  remaining 

b*      Open  the  vacuum  chamber  door  and  remove  the  indicator* 
c*      Close  the  chamber  door«    Allow  the  wing  nut  bolts  to  hang 

Replace  the  dust  cap  on  the  back  of  the  indicator* 


e*      Replace  all  dust  caps  that  were  reinoved  during  the  preliminary 
set  up  of  the  lab  station* 

f*      Refer  to  figure  1  of  this  workbook  to  review  the  hose  and 
dust  cap  positions*    Your  lab  station  should  now  look  like  figure  1* 


station* 


g*      Ask  your  instructor  to  check  your  work  and  secure  your  lab 

Work  checked* 

* 

Lab  station  secure 


Instructor's  Signature 
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Section  4.    OPERATIOHAL  IHSPECTIOH  AND  TROUBLES HOOTIHG 


PROCEDURE 

Perform  th«  following  checks »  and  fill  In  the  blanks  with  the 
correct  Information* 

Cautlont    Remove  dll  Jewelry  and  observe  sll  ground  safety  rules* 


1.      MB-1  Pltot-Statlc  Tester  Lesk  Check* 

Hote:    This  check  must  always  be  performed  before  the  tester 
Is  used* 

a*      MB-1  pltot  leak  check* 

Cautlont  To  prevent  damage  to  the  valve  seats^  never  tighten 
the  needle  valves  more  than  finger  tight* 


(1)  Make  eure  all  needle  valves  are  closed  finger  tight* 

(2)  Pump  the  pressure  tank  to  50**  Hg* 

(3)  Place  one  end  of  the  rubber  hose  supplied  with 


tester  on  the  pltot  pressure  hose  connector  and  the  other  end  over 
one  end  of  the  vscuum  pump  handle  as  a  plug* 

Caution:    IVever  remove  the  hose  until  sll  pressure  is  vented 
out  of  the  hose* 


OF  THE  PITOT-STATIC  SYSTEM 


EQUIPMENT 


Basis  of  Issue 


MB-1  Tester 

Pltot-Statlc  System  Trainer 
Screwdriver 


1/ student 
1/ student 
1/ student 


OPEBATIONAL  INSPECTION  CHECKS 


(4)  slowly  open  che  **pitoc  source'*  valve  and  run  the 
master  airspeed  Indicator  upscale  co  600  knots* 

(5)  Close  the  valve  finger  tight  when  the  Indicator  teaches 

600  knots* 

(6)  Time  che  airspeed  Indicator  for  one  minute  and  enter 
the  amount  of  leakage  In  this  blank*   

(7)  The  allowable  leakage  for  the  tester  is  2  knots  per 
minute*    Is  this  check  satisfactory  or  unsatisfactory?    Enter  S  or  U 

in  this  blank*   ^ 

(8)  Slowly  open  the  pressure  vent  valve  and  release  all 
pressure  which  allows  the  airspeed  Indicator  to  move  down  the  scale 
toward  zero* 

b*     MB'l  static  leak  check* 

(1)  Make  sure  all  needle  valves  are  closed  finger  tight* 

(2)  Pump  the  vacuum  tank  up  to  20'^  Hg* 

(3)  Remove  the  rubber  hose  from  che  pltot  side  of  the 
tester,  and  connect  it  in  the  same  way  to  the  static  side* 

(4)  Slowly  open  Che  '^static  source"  valve  and  nan  the 
master  airepaad  indicator  to  435  knots* 

(5)  Close  the  static  source  valve  when  the  master  air- 
speed Indicator  reachee  435  knots  and  tlma  it  for  one  minute*  Enter 

the  amount  of  laakaga  in  this  blank* 

(6)  The  allowable  leakage  for  the  tester  is  four  knots 
per  minute*    Is  this  check  satisfactory  or  unsatisfactory?    Enter  an  S 

or  U  in  this  blank*   

(7)  Slowly  open  the  vacuum  vent  valve  and  release  the 
vacuum  which  allows  the  airspeed  Indicator  to  move  down  the  scale 
toward  zero* 

(8)  Remove  the  vacuum  hose* 

2*      Pltot  Static  System  (Trainer  Indicators)  Check* 

a*      Check  indicators  for  security  of  mounting  (s  c>v  tJ)   * 

IE  U,  explain  ^  * 
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b.  Check  the  condition  of  the  cover  glass  (S  or  U)   . 

it  U,  explain  ^  . 

c.  Check  the  indicators*  slippage  and  range  marka  (S  or  U) 
 .    If  U,  explain  * 

3.     Pltot  Static  System  (Trainer)  Check, 
a*     Airspeed  check  on  trainer*^ 

(1)  Close  all  pltot  valves  finger  tight  on  the  MB^l 

tester* 

(a)    Open  static  valves. 

(2)  Connect  one  end  of  the  hose  to  the  plfot  pressure 
hose  connection  on  the  MB'-l  tester*  and  the  other  end  to  the  pltot  tube 
rubber  adapter* 

(3)  Check  the  pressure  gaga.    If  It  does  not  Indicate 
50*^  Hg,  pump  It  up  until  it  indlcatee  50'*  Hg. 

Hotel    Call  che  Instructor. 

(4)  Slowly  open  the  '^preseure  source**  valve  and  run 
the  master  alrepeed  Indicator  on  the  tester  to  600  knots* 

(5)  Close  the  "pressure  source**  valve  vhen  the  master 
airspeed  Indicator  reaches  600  knots* 

Notet    The  trainer  airspeed  Indicator  should  agree  with  the  master 
airspeed  In^llcator  within  d  knots* 

(6)  Time  the  master  airspeed  Indicator  for  one  minute 
and  enter  the  amount  of  leakage*        .  knots  per  mln. 

(7)  The  allowable  leakage  for  the  trainer  Is  2  knots 
per  minute,  plus  the  leakage  of  the  MB-1  tester  as  found  In  paragraph 

l.a*(6).    le  this  check  S  or  U?    Enter  S  or  U  In  this  space.   

(8)  Open  the  pressure  vent  valve  and  slowly  release  all 
presaura  which  will  allow  tha  airspeed  Indicator  to  inove  down  the  scale 
toward  zero. 

b.     Altitude  (altimeter)  check  on  trainer. 

(1)  Close  all  static  valves  finger  tight  on  the  HB-1 

teeter. 

(2)  Remove  the  Iiose  from  the  pltot  system^  and  the  pltot 
tube  adapter.  ^ 


(3)  Connect  the  hose  to  the  vacuum  (static)  pressure 
hose  connection  and  the  other  end  to  the  adapter  for  the  static  system, 

(4)  Using  the  vacuum  pump^  evacuate  the  vacuum  tank  to 

20"  Kg, 

Note;    The  above  step  (4)  has  to  be  repeated  during  the  following 
check.    To  replenish  the  vacuum^  close  the  "vacuum  source"  valve 
and  evacuate  the  tank  again  to  20"  Hg* 

Caution:    DO  EJOT  EXCEED  5,000  FEET^PER-MINUTE  ON  THE  RATE  OF 
CLIMB  INDICATOR  DURING  THE  FOLLOWING  CHECK* 

(5')    Using  the  baro  set  knobs «  set  both  the  altimeters, 
one  on  the  KB-1  tester  and  the  one  on  the  trainer*  to  740',  (Elevation 
of  Chanute  AFB,)  » 

Note:    Call  the  instructor, 

(6)  Slowly  open  the  "vacuum  source"  valve  and  run  the 
master  altimeter  up  to  10»000'  altitude  and  close  the  source  valve, 

(7)  The  altimeter  on  the  trainer  should  indicate  within 
160'  of  the  master  altimeter  on  the  trainer.    Indicate  if  satisfactory  by 
circling  either  yes  or  no* 

(8)  Time  the  master  altimeter  for  one  minute  and  enter 
the  amount  of  leakage  in  the  space  provided,  feet  per  minute. 

(9)  The  allowable  leakage  for  the  system  Is  100  feet  per 
minuta*    Indicate  if  satisfactory  by  circling  either  yes  or  no, 

(10)    Lover  the  altimeters  to  740  feet  altitude  by  slowly 
opening  the  vacuum  vent  valve.    Remember,  do  not  exceed  5,000  FPM  on 
the  vertical  velocity  indicator- 
Note:    Stop  Kere;  Call  the  Instructor, 
c*  Troubleshooting, 

Nov  that  you  know  hov  to  perform  an  operational  check  on  the  pitot* 
static  system,  the  next  step  is  troubleshooting  the  system  and  the 
instruments  that  make  up  the  system*    The  operational  check  will  be 
performed  each  time  the  system  or  the  InstruDXents  are  checked  during 
a  periodic  inspection*    Care  and  close  attention  must  be  given  to  each 
Jnacrumant  in  the  system  in  orddr  to  arrive  at  a  meaningful  conclusion 
and  daterminetlon  of  e  malfunction* 

We  know  that  the  system  aa  we  learned  in  3ABR32531-PT*301  has  pitot 
VTiissure  appliad  only  to  the  airspeed  indicator  and  static  pressure 
applied  to  all  three  indicators*    Knowing  this  vil!  make  the  analysis 
of  a  malfunction  of  the  system  or  instrunent  easier. 

First  of  all  let^s  review  some  possibilities;    A  cracked  instrument 
case  or  loose  cover  glass  vill  cause  a  leak  in  either  the  pitot  system  or 
static  system.    Stripped  instrument  or  manifold  fittings  will  cause 
leaks.    Cracked  or  weathered  instrument  hoses  can  cause  leaks^  as  well 
<}B  cracked  rigid  tubing, 
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Secondly,  mechanical  failures  3uch  as  ruptured  aneroids  or  diaphragms 
and  broken  or  worn  mttchanical  linkages  will  cause  malfunctions,  k 
spacial  loalfunction  is  brought  out  by  a  cracked  or  broken  thermos  con^ 
tainer  in  the  vertical  velocity  indicator.    The  container  in  conjunction 
with  the  diffuser  valve  creates  differential  pressure  to  be  measured  and 
turned  into  pointer  movement  of  the  indicator* 

d«      Completion  of  tests* 

(1)  Release  all  pressure  or  vacuum  remaining  in  the  tanks. 
Open  the  vent  valves  a^  then  slowly  open  the  source  valves* 

(2)  Store  all  accessories  in  the  tester  and  put  the  equips 
ment  back  in  the  cabinet* 

(3)  Review  the  procedure  for  performing  an  operational 
inspection  check  on  the  pitot  static  system*    If  you  know  how  to  perform 
an  operational  Inspection  cheeky  proceed  to  the  next  section. 


raOUBLESHOOTING  THE  PITOT-STATIC  SYSTEK 

The  last  page  of  this  workbook  is  a  SAMPLE  AFTO  Form  781A,  Maintenance 
Dlscrapency  and  Work  Document*    This  form  will  be  used  to  record  the 
malfunctions  of  the  trainer*    All  entries  will  be  made  In  pencil. 

Mote:    Have  your  instructor  put  in  problem  ilfl  on  your  assigned 
trainer. 

Problem  1 

1.      Complete  a  system  operational  check*    (Read  entire  problem 
before  continuiiig. ) 

Apply  pressure  to  the  trainer  and  run  the  airspeed 
Indicator  (Master)  to  450  knots*     (Leave  static  pressure  vent  valve 
open.)    Observe  airispeed  Indicator  for  malfunction.    Allow  pressure  to 
bleed  off  slowly. 

b.      Apply  static  pressure  to  the  trainer  and  run  the  altimeter 
(Master)  to  2,500  feet.     (DO  HOT  EXCEED  5,000  FPM  OH  THE  VERTICAL  VELOCITY 
mDICATOR,)    Observe  all  three  indicators  for  malfunction. 


Z.      Record  the  malfunction/s  noted  during  the  operational  check 
on  the  781A  in  the  #1  DISCREPANCY  block*    State  the  operation  of  all 
rhree^  (3)  flight  instruments* 

3.  Listed  below  are  the  ten  (lO)  possible  malfunctions*  Select 
the  one  thet  could  cause  problem  ilfl  and  record  this  Information  in  the 
CORRECTIVE  ACTIOH  block  on  the  781A* 

Note;  Observe  the  operation  of  all  three  (3)  flight  Instruinents 
on  the  treiner  (as  in  EXAMPLE).  Watch  pointers  for  no  movement. 
Indications  of  leaks,  etc.    Zero  the  vertical  velocity  indicator* 
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EXAMPLE 
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/  / 


TRANSFCRRCO  BY 


Pi  tot 


Airspeed 


CORRCCTIVC  ACTION 


-Altimet«r  -  inop 


Stripped  pitot  fitting  on  the 


Stntic 


Airspeed  -  leaking 


vertical  velocity  indicator. 


'^Vertical  Velocity  -  normal 


fOl$CdveR€D  ST 


ON 


i 


CdRltSCTCO  9T 


Problem  2 

1.  Bspeat  the  procedure  for  an  operational  check  as  in  problem  if  I* 

2.  Select  one  of  the  ten  (10)  malfunctions  Chat  could  cause 
problem  #2  arid  enter  in  the  CORRECTIVE  ACTION  block  on  the  781A. 

Problem  3 

1.  Repeat  the  procedure  for  an  operational  check  as  in  problem  /Ifl* 

2.  Select  one  of  the  ten  (10)  malfunctions  that  could  cause 
problem  #3  and  ancer  in  the  CORRECTIVE  ACTION  block  on  the  781A. 

Problem  A 

1.  Repeat  the  procedure  for  an  operational  check  as  in  problem  ifl- 

2.  Select  one  of  the  ten  (10)  malfunctions  that  could  cause 
problem  H  and  enter  In  the  CORRECTIVE  ACTION  block  on  the  78U. 

POSSIBLE  MALFUNCTIONS 

Mote:    There  may  be  more  than  one  possible  malfunction.  Choose 
one  of  the  correct  malfunctions* 

1.  Case  leak  of  thts  altimeter  Indicator. 

2.  Broken  thermos  container  In  the  vartlcal  velocity  Indicator. 

3.  Stripped  pitot  tlttlng  on  the  vertical  velocity  Indicator. 
A.  Case  leak  of  thejig^|^al  velocity  indicator. 
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5*  ftuptured  diaphragm  in  the  vertical  velocity  indicator* 

6*  Stripped  pitot  fitting  on  the  airspeed  indicator* 

7«  Clogged  static  openings  on  the  pitot^static  tube« 

8<  Broken  mechanical  linkage  in  the  altimeter  indicator* 

9<  Case  leak  In  the  airspeed  indicator* 

10<  Clogged  pitot  opening  of  the  pitot^static  tube* 
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FOREWORD 


Tills  programmed  text  was  prepared  for  use  in  the  3ABR32531,  Avionics 
Instruntent  Systems  Specialist  course^  and  the  3ABR32632B»  Integrated 
Avionics  Systems  Specialist  course*    The  text  was  validated  with  20 
students  in  the  subject  courses «    At  least  90%  of  the  students  achieved 
the  stated  objective*    The  average  time  to  complete  the  text  was  one 
hour  and  :;^ven  minutes. 


After  completing  the  programmed  text  and  given  a  workbook  and  a 
TrJ-205C/E  Pressure  Temperature  Test  Set,  each  student  will  perform  a: 

1,  Preoperational  check  of  the  TTU-205C/E>  Pressure  Temperature 
Test  Set* 

2.  Leak  check  of  the  TTU-205C/E^  Pressure  Temperature  Test  Set* 

Items  1  and  2  above  will  be  performed  to  a  minimum  accuracy  of 
100%  of  workbook  procedures* 


This  programmed  text  presents  information  in  small  steps  called 
'^frames***    After  reading  the  information  in  each  frame^  you  are  asked 
to  select  an  answer  or  make  an  entry  that  shows  that  you  understand 
the  information  in  that  frame*    Check  the  accuracy  of  your  answers 
by  looking  after  each  succeeding  frame*    If  you  selected  the  correct 
response*  proceed  to  the  next  frame*  however,  if  your  answer  was 
incorrect,  you  should  restudy  that  frame  before  moving  on  to  the 
next  frame*    DO  NOT  HURRY* 


Supersedes  3ABR32531'-PT-303,  17  March  1975,  and3ABR32632B-PT-40U, 
23  September  1974. 
OPR:    3360  TTG 
DISTRIBUTION:  X 

3360  TTGTC-W  -  200;  TTVSR  -  1  ^ 


OBJECTIVES 


INSTRUCTIONS 


Frame  1 


In  recent  years  the  need  for  an  accurate  and  versatile  pneumatic 
test  set  became  evident  with  modem  aircraft  and  avionics  equipment, 
the  old  MB-1  Field  Tester  works  fine  on  pressure  operated  flight  instru^ 
ments,  but  its  range  was  limited  and  its  accuracy  questionable.  For 
this  reason,  the  TTU-2C5C/E  Pressure-Temperature  Test  Set  was  built. 

the  TTU-20SC/E  is  used  to  provide  t  .ght  line  and/or  depot  level 
Support  of  aircraft  systems  requiring  pneumatic  inputs. 

The  purpose  of  the  TTU-20SC/E  is  to  supply  accurate  inputs  of 
pitot  (F^)  and  static  (F^)  pressures  and  temperatures*  Provision 
is  also  made  for  stimulating  the  total  temperature  probe  input  to  an 
air  data  computer  system. 

Circle  the  ntimber  of  the  most  correct  statement  that  completes 
the  statement  below* 

the  purpose  of  the  TTU-20SC/E  Pressure-Temperature  Test  Set  is  to 
Supply  accurate  inputs  of; 

1*     pitot  pressure  only* 

2*     pitot  and  static  pressures  only, 

3.  pitot  and  static  pressures  and  temperature  to  using 
equipment. 

4,  pitot  and  dynamic  pressures  and  temperature  to  using 
equipment. 


Frame  2 

The  TTU-205C/E  TesC  Set  produces  stable  static  pressures  siinulating 
altitudes  from  -1,500  feet  to  t-80,000  feet.    The  test  set  also  produces 
stable  pitot  pressures  simulating  airspeeds  from  50  knots  to  1*000  knots* 
with  a  total  temperature  simulated  output  of  -99*C  through  +430*C, 

The  power  requirements  are  115  VAC,  400-H2  single-phase  (0)  + 

Circle  the  letters  of  the  responses  that  correctly  complete  the 
statements  below* 

1*      The  static  pressure  range  of  the  TTU-205C/E  Test  Set  is: 
a*      0'  to  +80,000  feet* 
b*      -1,500  to  +80>000  feet* 

c,  -1,500  to  +120,000  feet* 
d*      -1,000  to  +80,000  feet* 

2*      The  pitot  pressure  range  of  the  TrU-205C/E  Test  Set  is: 
a*      50  to  650  knots* 

b.  50  to  750  knots* 
c*      50  to  850  knots* 

d.  50  to  1,000  knots* 

3*     The  XTU-205C/E  has  a  total  temperature  output  with  a  range  of: 
a*      -50**C  to  +375**C. 

b*    --gg^c  to  +430**c* 

c.  -50**C  to  +350*C* 
d*      -70*'C  to  +385**C. 

4*      The  power  requirement  for  the  TTJ-205C/E  is: 
a*      28  VDC. 

b.  115  VAC>  400H2,  3(9 

c.  115  VAC,  60H2,  1(S 

d.  115  VAC,  400H2,  10 

Answers  to  Frame  1:  3 
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Frame  3 


2  1 
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Figure  1* 

All  controls  and  indicators  are  located  on  a  single  panel  as 
shown  in  figure  1*    The  test  set  will  be  covered  in  sections*  The 
altitude  or  Ps  section,  as  shown  in  the  clear  (not  covered  with 
dotted  lines),  will  be  discussed  first*    The  more  important  controls 
and  indicators  are  nuoibered  in  figure  1, 

Number  1*    Ps  VENT  VALVE  -  Used  to  bleed  off  Ps  pressure, 
during  shutdown  after  compJ  .uion  of  checks*    Normally  closed  (fully 
clockwise) . 

Number  2*    Ps  COUPLING  -  Ps  output  of  the  test  set*  The 
coupling  is  color  coded.    The  coupling  allows  for  a  snap-on  connec- 
tion of  the  Ps  hose* 

Number  3*    ALTITUDE  COUNTER  -  Indicates  Ps  pressure  being 
applied,  In  feet  of  altitude  above  or  below  sea  level* 

Number  4.    ALT  RATE  X  1000  FEET/MIN  CONTROL  -  Used  to  select 
the  rate  of  changing  Pa  pressure  in  thousands  of  f eet-per-roinute. 


mi 

Frame  3  (Continued) 

Number  5«    Ps  LEAK  TEST  SITITCH  «  Used  for  leak  checking  che 
static  dystem.    When  accuated,  it  traps  existing  Ps  pressure  In 
the  system  under  test. 

Nujnber  6.    ALTITUDE  X  1000  FEET  CONTROL     Used  to  set  in  the 
amount  of  altitude  (Ps)  desired  for  che  test.    Provides  a  coarse 
control  of  Ps  pressure* 

Number  7.    TRIM  CONTROL  KNOB  *  Provides  for  fine  adjustment 
of  altitude  (Ps  pressure) . 

Match  the  numbers  of  the  components  of  the  TTU'^205C/E  by 
placing  che  letcer  of  the  purpose/definition  in  the  space  provided 
with  the  correct  component* 


COMPONENT 

PURPOSE/DEFINITION 

1. 

Ps  Vent  Valve 

a. 

Used  to  set  In  the  amount 

of  altitude  (Ps)  desired  for 

2. 

Ps  Coupling 

the  test.    Provides  a  coarse 

control  of  Ps  pressure. 

3. 

Altitude  Counter 

b. 

Provides  for  fine  adjustment 

J*. 

Alt  Rate  X  1000  Ft/Mln 

of  Ps  pressure. 

5. 

Ps  Leak  Test  Switch 

c. 

Indicates  Ps  pressure  being 

£ipplied»  in  feet  of  altitude^ 

6. 

Altitude  X  1000  Ft  Control 

above  or  below  sea  level. 

7. 

Trim  Control  Knob 

d. 

Used  to  bleed  off  Ps  pressure 

e. 

Used  to  select  the  rate  of 

changing  ps  pressure. 

f. 

Used  for  leak  checking  the 

static  system* 

8- 

Allows  for  .snap-on  connection 

of  the  Ps  hose. 
Answers  to  Frame  2:    1.    b        2.    d        3.    b        4.  d 
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Frame  4 


Figure  2* 

In  the       3ection  of  the  TTU-205C/E  most  of  the  components  are 
similar  to  the  Ps  section*    In  figure  2,  the  most  important  com- 
ponent3  are  shown,  (1  through  8)*    These  components  are  listed  below 
with  their  purpose/definition* 

Number  1*    MACH  LIMIT  CONTROL  -  Used  to  safeguard  against  over- 
pressurizing  the  system  under  test.    This  control  provides  an  adjust- 
ment for  setting  in  the  maximum  mach  you  want  the  tester  not  to 
exceed*    The  range  is  0*8m  to  3*0m. 

dumber  2*         VENT  VALVE  -  Used  to  bleed  off  Pt  pressure  after 
completion  ot  test*    Normally  closed. 

Number  3*        COUPLING  -  This  is  the  Pt  output.    Supplies  total 
pressure  to  the  system  being  tested* 

Number  4*    AIRSPEED  KNOTS  COUNTER  -  Indicates  the  amount  of  total 
pressure  (Pt)  applied  in  knots  of  airspeed* 

Number  5*    AIRSPEED  RATE  Kms/MIN  -  (Airspeed  Rate  Knots  Control) 
l'5ed  to  control  the  rate  of       applied  to  a  system. 
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FraiDB  A  (Continued) 

Number  6,    P|-  LEAK  TEST  SWITCH  -  Used  for  leak  checking  the 
pitot  system*    When  actuated^  it  closes  the       isolation  valv^^ 
trapping  existing  P|-  pressure  In  the  system  under  test* 

Number  7*    AIRSPEED  TRIM  CONTROL  -  Used  for  fine  adjustment  of 
pressure  (Airspeed  Knots )» 

Number  8*    AIRSPEED  KNOTS  CONTROL  -  Provides  coarse  control  of 
pressure* 

Match  the  numbers  of  the  components  of  the  TTU*205C/E  to  the 
correct  purpose  or  definition  by  placing  the  lettier  of  the  purjjose/ 
definition  in  the  space  provided  with  the  correct  components* 


_1* 

2* 


3* 


A* 


^5* 
_6* 
7* 


8* 


COMPONENT 

Mach  Limit  Control 
Pt  Vent  Valve 
P^-  Coupling 
Airspeed  Knots  Cdunter 
Airspeed  Rate  Knots 
P^  Leak  Test  Switch 
Trim  Control 
Airspeed  Knots  Control 


a* 


c* 


PURPOSE/ DEFINITION 

Provides  coarse  control  of 
Pt  pressure* 


b*      Used  to  control  the  rate  of 
P^  applied  to  a  system* 


This  is  the  ?^  output* 
Supplies  total  pressure  to 
the  system  being  checked* 


d*     Used  to  limit  mach  output* 

e*     Used  for  fine  adjustment  of 
P^  pressure* 

f*      Indicates  the  amount  of  P^ 

applied  in  knots  of  airspeed* 

g*      Used  to  leak  check  the  P^ 
system* 

h*     Used  to  bleed  off  P^  pressure 
after  completion  of  test* 


Answers  to  Frame  3: 

d    1*   g  2.       c  3* 


e  4* 


f  5* 


a  6* 


b  7* 
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■  Frame  5 


Figure  3. 

In  figure  3,  the  last  of  the  components  that  you  will  use  are 

shown.    Most  of  these  components  are  dealing  with  power  or  operating 
limit  controls . 

These  components  are  listed  below  with  their  purpose  or  definition. 

Hxmber  1.    POWER  INFUT  -  Power  connector  for  115  VAC,  4OO-H2 

Number  2.    AIRSPEED  LOW  LIMIT  WARNING  LAMP  -  Indicates  Pt  pres- 
sure is  below  the  50  knots  low  limit. 

Number  3.    ALTITUDE  LOW  LIMIT  WARNING  LAMP  -  Indicates  Ps 
pressure  is  below  the  -1500  feet  low  limit. 

Number  4.    ALTITUDE  HIGH  LIMIT  WARNING  LAMP  -  Indicates  Ps  pres- 
sure is  above  the  +80,000  feet  high  limit. 

Number  5.    TEMPERATURE  SIMULATOR  CONTROL  -  Provides  a  simulated 
input  of  total  temperature.    It  has  a  range  of  -dd'^C  to  +430^^0. 

Number  $.    POWER  OFF/ON  SWITCH  -  Switches  power  "ON"  on  the  test 

set. 
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Frme  5  (Conclnuad) 

ITumber  7.    NOBM/IL  LAMP  *  Indicates  that  power  is  applied  to  the 

pump. 

Number  8.    COtnCBOL  LAUP  -  Indicates  that  power  is  applied  Co  the 
internal  circuits . 

Match  the  number  of  the  component  of  the  7Z\J^105CfZ  by  placing 
the  letter  of  the  purpose/definition  in  the  sp^ce  provided  vlth 
the  correct  component. 


COMPOMENT 

_1.  Power  Input  a 

_2.  Airspeed  Low  Limit  Lamp 

_3.  Altitude  Low  Limit  Lamp  b 

_4.  Altitude  High  Limit  Lamp 

^5.  Temp  Simulator  Control 

J5.  Power  Off /On  Switch 

7.  Normal  Lamp 


PURPOSE/PmNITIO:? 

Provides  a  simulated  input  of 
total  temperature  range  -99*C 
to  +430^0. 

Indicates  Ps  pressure  below 
the  -1500  ft  low  limit. 

c.  Indicates  power  applied  to 
internal  circuits. 

d.  Indicates  Ps  pressure  is 
above  the  +80^000  feet  high 
limit. 


8.      Control  Lamp 


e.  Indicates  power  applied  to 
the  pump. 

f.  Indicates  Pt  pressure  is  beloii 
the  50  knots  low  limit. 

g.  Switches  power  to  the  test 
set. 

h.  Power  connector  for  115  VAC, 
400H2,  10.  ^ 


Answers  to  Frame  4: 
d    1.        h  2. 


c  3. 


f    4.       b    5.       g  6. 


e  7. 


a  8. 
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Frame  6 


Now  Chad  you  have  an  underscaading  of  dhe  control  panel's  com- 
ponents and  controls,  you  will  go  do  the  lab  and  perform  a  leak  check 
on  the  XTU-205C/E  dead  set.    The  procedures  for  dhis  check  will  be 
oudlined  in  dhe  workbook  provided,  which  you  musd  follow  exactly. 
After  completion  of  dhe  leak  cheeky  follow  the  shutdown  procedures  oud** 
lined  in  the  workbook* 


h    1.       f    2>       b    3*       d  a    5*       g    6*       e    7*       c  8. 


m  RESPONSE  REQUIRED 


Answers  to  Frame  5; 


APPRAISAL 


11 


PROCRAMMl-n  TRTP 


3ABR32531-PT-302A 


Technical  Training 


Avionics  Instrument  Systems  Specialist 


AUTOMATIC  ALTITUDE  REPORTING    EQUIPMENT  (AIMS) 
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DESICHEn  FOR  ATC  COm^K  IISI- 


DO  NOT  USE  ON  THE  JOB 


FOREWORD 


This  prograinmed  texc  wes  designed  for  use  in  the  3ABR3253I,  Avionics 
Instrument  Systems  Specialist  course  and  the  3ABR32632B,  Integrated 
Avionic  Systems  Specialist  course*    The  text  was  validated  with  31  students 
in  the  subject  courses*    At  least  90%  of  the  students  achieved  the  stated 
objectives*    The  average  time  to  complete  the  text  was        hours  and  fifty- 
three  minute  1* 


1*     Without  references,  identify  fapts  pertaining  to  the  purpose, 
operation  and/or  characteristics  of  automatic  altitude  reporting  systems 
with  a  minimum  accuracy  of  75%. 

2.     Without  references,  identify  facts  pertaining  to  troubleshooting 
an  automatic  altitude  reporting  system  with  a  minimum  acci^acy  of  75%* 


This  programmed  text  presents  information  in  small  steps  called  frames 
After  reading  the  information  in  each  frame,  you  are  asfced  to  select  an 
answer  or  make  an  entry  that  shows  that  you  understand  the  information  in 
that  frame*    Upon  completion  of  this  programmed  text  you  will  be  required 
to  take  an  appraisal  which  is  designed  to  test  your  knowledge  of  the 
information  in  this  text*    If  you  do  not  understand  any  part  of  this 
programmed  text  check  with  your  instructor  before  proceeding  on  to  the 
next  frame*    TAKE  YOUR  TIME*  DO  NOT  RUSH* 


Supersedes  3ABR32531-PT-302A,  3ABR32632B-PT-402A,  26  October  1977, 
OPR:    3360  TCHTG 
DISTRIBUTICJ:  X 

3360TCHTG/TTGU''F  -  200;  TTVSA  -  1 


OBJECTIVES 


INSTRUCTIONS 


AUTOMATIC  ALTITUDE  REPORTING  SYSTEMS  (AIMS) 


Frame  1 


In  the  past  25  years^  air  traffic  has  Increased  at  an  alarming  rate. 
This  has  created  problems  in  keeping  aircraft  at  separate  altitudes  to 
avoid  mid-air  collisions  and  also  in  keeping  aircraft  at  safe  altitudes 
above  the  terrain.    The  AIMS  system  was  developed  for  all  aircraft  so 
that  better  control  could  be  maintained  over  today's  heavy  air  traffic. 

AIMS  is  derived  from: 


A  -  Air  Traffic  Control  Radar  Beacon  System 

I  -  Identification  Friend  or  Foe  (IFF) 

(Radio  -  Receiver-Transmitter  set  called  a  transponder 
in  this  text) 

M  *  Mark  12  System 

S  -  System 


Automatic  altitude  reporting  equipment  is  used  in  the  Air  Traffic 
Control  section  of  AIMS. 

IFF  was  used  during  time  of  war  for  identifying  and  locating  enemy 
aircraft.    (Now  used  by  Air  Traffic  Control  for  locating  and  identifying 
aircraft.)    The  Mark  12  system  (another  radio  set  *  Receiver-Transmitter 
is  used  to  Identify  aircraft  in  peace  time). 

The  AIMS  system  uses  the  following  components: 

AAU-19/A  Servoed  Altimeter.    (Mechanisms  Include  the  normal  aneroids 
connected  to  the  count er*-pointer^ drum  display  and  contains  one  part  of  a 
servoloop  system  for  the  reception  of  signals  from  a  computer.) 

AAU-21/A  altimeter*encoder  combines  a  conventional  pneumatic  (pressure 
operated)  altimeter  and  an  altitude  reporting  encoder  in  one  self-^contained 
unit. 

CFU-46/A  or  CPU-66/A  Computer.  (Contains  its  own  aneroid  system  where 
signals  are  developed  for  transmission  to  the  AAU-19/A  altimeter  and  to  the 
IFF  transponder*) 


No  Response  Required 


Frame  2 


The  process  involved  in  the  transiaission  and  reception  of  the  altitude 
signal  are  as  follows; 

1*     An  intftrrogacion  pulse  is  transmitted  from  the  ground  unit* 

2.     This  triggers  the  aircraft  transponder  causing  a  pulse  reply  to  be 
transmitted* 

3*     The  transponder  transmission  is  received  by  the  groi.nd  receiver, 
computer  processed  and, then  displayed  to  the  controller  on  thi  radar  screen, 
as  aircraft  identification,  assigned  altitude,  track  number  and  beacon  code* 

4*     The  altitude  reply  is  provided  in  100'  increments  by  the  encoder 
(computer)  signal  only  irfien  interrogated* 


Circle  the  letter  that  Identifies  the  correct  answer* 
What  does  the  automatic  altitude  reporting  system  provide? 

a*     Continuous  altitude  in  100'  increments  to  the  ground  station. 

b*     Altitude  in  100'  Increments  to  the  standby  altimeter* 

c^     Automatic  altitude  transmission  to  the  ground  station  only  ^en 


Figure  1 


Figure  2 


interrogated  * 


The  function  of  the  aucomtic  altitude  reporting  system  Is  to  supply 
outputs  of  pressure  altitude  (Hp)*    These  outputs  are  supplied  digitally 
to  the  transponder  and  electrically  through  synchros  to  the  altimeters* 
The  purpose  o_f  the  automatic  altitude  reporting  system  is  to  provide 
altitude  information  to  the  altimeters  and  to  transmit  altitude  to  the 
ground  station  when  interrogated*    The  AIMS  altiinetry  system  accuracy 
limitations  impose  the  problem  of  having  to  eliminate,  correct  or  compensate 
for  almost  all  errors  in  the  aircraft  pitot-static  system*    Errors  produced 
in  measurement  and  transmission  of  true  pressure  altitude  can  be  divided 
into  three  groups:    (1)  static  pressure  error,  (2)  errors  in  pressure 
transmission  and  (3)  instrument  errors.    To  achieve  the  greatest  accuracy, 
each  type  o£  aircraft  must  be  treated  separately  as  a  function  of  its 
pressure  system  and  design  characteristics.    To  meet  the  accuracy  require^ 
ments  of  AIMS,  three  different  automatic  altitude  reporting  systems  are 
use:    (I)  slow,  low  flying  aircraft,  (II)  medium  speed  (subsonic)  aircraft 
and  (III)  high  performance  (supersonic)  aircraft.    Reference  figure  3 
belov. 


1             TYPE  I 
j  AAU/2U 
1  Altimeter^Encoder 

TYPE  II 
CPU-66/A 
Computer  * 

TYPE  III 
CPU-46/A 
Computer  * 

Range 

-iOOO  to  +38>000  ft 

*1000  to  ^90,000  ft. 

*1000  to  ^80,000  ft. 

Tolerance 

±30  ft.-i-  .2% 
of  altitude 

±25  ft.  or  t0.2S% 
of  altitude 

±20  ft*  or  ±  *2% 
of  altitude 

Static  Presaure 
Correctloii 

None 

0.2  to  0«9S  Mach 
at  all  altitudes 

0.2  to  2.9  Mach 
at  all  altitudeB 

Oiitptita 

Digital  Encoder 

Digital  Encoder 
Altitude  Synchro  (2) 

Digital  Encoder 
Mtitu'*e  Synchro  (2) 

Figure  3. 

*CPtI-66/A  and  CPtI-46/A  computers  are  used  with  the  AAU-191A 
servoed  altimeter  only* 

Circle  the  letter  (s)  for  the  correct  answerCs)* 

What  are  the  different  automatic  altitude  reporting  systems  to  meet  the 
accuracy  requirements  of  AIMS? 

a*     High  performance  (supersonic)  aircraft* 

h*     Medium  speed  (subsonic)  aircraft » 

c.     Slow,  low  flying  aircraft » 


Answer  to  Frame  2:  c 


'  1280 


OPERATION  OF  COMPONENTS 
OF  AIMS  SYSTEMS 


Frame  4 


The  CPU-46/A  Alcitude  Computer  Is  designed  for  use  In  high-performance 
supersonic  aircraft.    The  computer  has  operational  limits  of  -1*000  to 
-]-80t000  feet  altitude  and  0  to  2.5  mach.    It  consists  of  aneroids  in  two 
capsules »  a  computing  systemt  an  electronics  package*  and  output  devices. 
The  unit  operates  from  the  aircraft's  pitot-static  system  and  from  115  VAC 
400  Hertz  power  source.    The  computer  provides  two  outputs  of  corrected 
pressure  altitude  information;  a  servoed  (analog)  signal  for  positioning 
the  remote  servoed  altimeters  GVAU*19/A)  and  an  encoded  altl'^ude  signal 
to  the  aircraft^s  transponder  for  altitude  reporting.    The  output  of  the 
encoder  agrees  with  the  output  of  the  servo  to  xrtthin  +20  feet.  Reference 
figure  4»  page  7. 

Circle  the  letter(s)  that  identify  the  correct  answer(s). 

The  operational  ranges  of  thcf  CPU-46/A  computer  ^re 

a.  0  to  +80*000*  altitude  and  0  to  2.0  Mach. 

b.  0  to  2.5  Mach  and  -1*000  to  +80*000*  altitude. 

c.  -1*000  to  +80*000*  altitude  and  0  to  1.5  Mach. 

d.  0  to  3.0  Mach  and  --1*000  to  +80*000*  altitude. 


* 


Answers  to  Frame  3 : 


CPtM»6/A 


AlfflTUDK  "CMmEB 


QICODES 


FORWARD  COCKPIT 
COUHTER  DRUM  POINTER 
SEEnroS)  ALTIMETER 


AAU-19/A 


REAR  COCKPIT 

00l»n£ll  DRUH  POIKTER 
iSERVOEO  ALTIMETER 


Figure  4 
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Frame  5 


The  inputs  to  the  computer  are  indicated  static  pressure  (PSI),  total 
pressure  (Pt)  and  the  known  errors  of  the  static  pressure  system.  Mechanical 
(analog)  computations  are  performed  using  this  input  information.  Pressure 
altitude  (Hp)  is  computed  and  provided  as  an  output  signal.    Two  servoloops 
in  the  computer  provide  the  power  for  the  mechanical  computations.    Data  on 
static  system  error  is  obtained  from  flight  test  data.    Each  type  of  aircraft 
is  flight  tested  to  obtain  data  on  the  aircraft's  errors.    In  this  way*  the 
same  type  of  computer  can  be  used  for  many  types  of  aircraft  by  a  simple 
exchange  of  an  error  correction  cam  inside  of  the  computer* 

Circle  the  letter(s)  that  identify  the  correct  answer ( s) . 

The  input(s)  to  the  CPU-46/A  altitude  computer  are: 

a.  Static  pressure  system  errors* 

b.  Indicated  static  pressure  (PSI). 

c.  Total  pressure  (Pt)* 


Answer  to  Frame  4:    b.  ^  ^34 


8 


Frame  6 


The  total  pressure  servoloop  consists  of  two  aneroids  in  a  capsule*  a  ' 
servo  amplifier*  a  servo  motor  and  a  rate  generator.    The  tvo  symmetrically 
mounted  aneroids  operate  from  the  aircraft  total  pressure  (Pt)  source.  The 
aneroids  rotate  a  rocking  shaft  to  position  the  microsyn  rotor.    An  adjustable 
stack  ot  thin  metal  plates  act  as  a  calibration  cam  and  allow  adjustments  to 
be  made  In  the  aneroid  capsule.    The  output  ot  the  microsyn  is  fed  to  the 
servo  amplifier  vhlch  drives  the  servo  motor  and  rate  generator.    The  feed* 
back  signal  of  the  rate  generator  is  coupled  to  the  servo  amplifier  to  provide 
damping.    The  servo  motor  moves  the  lead  screw  to  null  out  the  microsyn  by 
realigning  the  rotor. 


Circle  the  letter (s)  of  the  correct  answer(s). 
The  total  pressure  sensor  of  the  CPU-46/A  computer 

a.  receives  Inputs  of  both  pltot  and  static  pressures. 

b.  consists  of  two  aneroids  in  a  capsule, 

c.  uses  static  pressure  and  measures  absolute  pressure. 

d.  receives  an  input  of  Pt  from  the  aircraft's  pltot-static  system. 


Answers  to  Frame  5:    a.    b.  c. 


LOG  ft  TO  COmPUTEI 
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Frame  7 

The  static  pressure  servoloop  consists  of  a  static  pressure  capsule* 
a  computing  mechanism*  a  servo  amplifier*  a  servo  motor  and  a  rate  generator i 
The  static  pressure  sensor  is  the  same  as  the  total  pressure  sensor  except 
that  the  aneroids  are  constructed  for  a  different  pressure  range.  Indicated 
static  pressure  (PSI)  is  the  input  to  the  static  sensor.    Any  variations 
of  PSI  rotate  the  rotor  of  the  microsyn*    This  causes  an  error  signal  to  be 
applied  to  the  servo  amplifier*    the  output  of  the  amplifier  causes  the 
servo  motor  to  drive  the  computing  mechanism*    The  computing  mechanism  (pg  11) 
corrects  the  static  pressure  and  the  output  then  drives  the  lead  screw 
which  repositions  the  rotor  of  the  microsyn  to  null  the  error  signal* 


lOO  Hi  ! 


Circle  the  letter(s)  of  the  correct  answer(s)* 
The  static  pressure  servoloop  consists  of  a 
a,     static  pressure  sensor, 
b*     servoamp  and  microsyn* 
c*     servomotor  and  rate  generator* 
d.     all  of  the  above* 


Answers  to  Frame  o:  o* 


10 


Frame  8 


c 


The  Pt  and  PSI  servoloops  and  the  mechanical  (analog)  compucing  section 
are  combined  as  shown.    Pt  and  PSI  are  the  inputs*    Pressure  altitude  (lip)» 
in  digital  and  analog  (synchro)  form,  is  the  output*    Cam  number  two  is  an 
internal  input  since  static  pressure  corrections  are  introduced  here*  The 
input  PSI  is  corrected  to  Log  PSI  in  the  static  sensor.    Any  input  pressure 
change  causes  an  error  signal  from  die  microsyn  rotor  to  be  applied  to  the 
servo  amplifier*    The  output  of  the  amplifier  drives  the  servomotor  which 
turns  the  Hp  shaft  and  rate  generator »    Differential  number  one  and  cam 
number  one  convert  Hp  to  Log  Ps  and  applies  it  to  differentials  number  one* 
two  and  three*    Differential  number  three  combines  Log  Ps  and  Log  Ft*  The 
output  is  Log  Pt/Ps  and  is  the  input  to  cam  numbei  two  which  in  turn  trans- 
mits its  output  of  Log  PSi/Ps  to  differential  nunber  2.    The  Log  PSi/Ps 
input  and  the  Log  Ps  input  from  differential  nxjmber  one  are  combined  to 
form  output  Log  PSI.    Log  PSI  closes  the  servoloop  through  the  calibration 
cam  by  aligning  the  rotor  of  the  microsyn  to  null  the  error  signal*  With 
this  contputeri  a  corrected  altitude  signal  (Hp)  is  applied  to  the  altimeters 
and  transponder » 


MlCWOSYN 


rotoa 


^  AMV>  — 4^0T0» 


CAUMATION  cam 


lEAO  scuew  U  ,—— H 


LOG  ftl/fi 


lOG  ftffi 


!   !  AUTOSYN 


-1.  LOG  Pt-Hp  I 
T  too  Pt 


capsuk 


CAlltUTtON  CAM 


LOG  Pt 


No  Response  Required 


Answer  to  Frame  7: 
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Frame  9 

A  failure  detection  circuit  is  provided  in  the  computer*    This  circuit 
senses  power  failures  and  excessive  error  voltages  in  either  servoloop*  A 
three-second  time  delay  feature  eliminates  ''nuisance^*  switching  which  might 
be  caused  by  turbulent  air  or  momentary  power  surges*    The  failure  circuit 
opens  relay  contacts  to  the  encoder  common  lead  to  prevent  an  Incorrect 
encoder  output*    The  relay  contacts,  when  opened,  also  interrupts  power  to 
the  two  servoed  altimeters  causing  them  to  revert  to  ''standby*'  mode*  When 
the  relay  deenergizes,  power  is  provided  to  the  warning  lights  which  warn 
that  AIMS  Is  In  the  STBY  mode* 

Circle  the  letterCs)  that  Identify  the  correct  answerCs)* 

The  purpose  of  the  failure  detection  circuit  in  the  CPU-46/A  computer  is  to 

*         a*     prevent  incorrect  altitude  information  being  transmitted  to  the 
ground  station* 

b*     prevent  damage  to  the  C7U-46/A  computer. 

c*     to  warn  the  aircraft  crew  that  the  AIMS  system  is  In  STBY  mode  of 
operation. 

d*      sense  power  failure  and  excessive  error  voltage. 


12 


Frame  10 


Servoed  Altliaeters  are  Instruments  whlch»  when  coupled  xd.th  an 
altitude  computer,  provide  a  system  designed  to  meet  the  requirements  for  all 
aircraft  and  for  Air  Traffic  Control  Eladar  Beacon  Systems.    These  units  also 
provide  for  automatic  standby  operation  in  the  event  of  failure  or  loss  of 
electrical  pow&rt 

In  the  primary  mode  of  operation^  the  indicator  accepts  an  input  synchro 
signal  of  true  pressure  altitude  from  an  altitude  computer.    A  servo  mechanism 
positions  the  dial  display  and  control  transformer  to  the  corresponding 
altitude  of  the  input  signal.    If  the  Indicated  altitude  and  synchro  inputs 
are  not  the  same,  the  servo  will  drive  the  pointers  to  the  true  position  and 
override  the  aneroid  system.    However^  if  the  difference  between  the  servo 
and  aneroids  Is  greater  than  +  4500  feet»  the  altimeter  will  revert  to  the 
standby  mode. 

In  the  standby  mode  of  operation^  the  altimeter  operates  as  a  standard 
barometric  altimeter.    The  pressure  input  is  converted  to  indicated  pressure 
altitude  by  means  of  the  two  aneroids  and  a  linkage  and  gear  mechanism.  The 
altimeter  autocratically  reverts  to  the  mechanical  standby  mode  by  means  of 
an  integral  failure-sensing  system.    In  the  event  of  primary  mode  failure* 
a  flag  xd.th  the  letters  **STBY"  appears  on  the  dial  to  indicate  that  the 
altimeter  is  operating  pneumatically. 


SERVOED  ALTIMETER 


Circle  the  letter (s)  for  the  correct  answer (s). 
The  AAU-19/A  Altimeter 

a.  in  primary  rnode^  indicator  accepts  an  input  synchro  signal  of 
true  pressure  altitude. 

b.  operates  mechanically  in  the  primary  mode. 

c.  a  servo  mechanism  positions  the  dial  display  and  control  transformer 
to  the  altitude  of  the  input  signal. 

d.  uses  both  pltot  and  static  pressures  when  operating  in  STBY  mode. 
Answers  to  Frame  9:    a.    c.  d. 

12  S9 


Frame  11 

The  altimeter  has  a  built  in  amplifier  ^ich  contains  a  failure 
sensing  circuit.    In  the  event  of  a  power  or  servo  system  failure,  the 
sensing  circuit  will  cause  the  altimeter  fiD  autoipatically  revert  to  the 
standby  mode.    At  that  time  the  STBY  flag  appears  on  the  dial  to  Indicate 
that  the  altimeter  is  In  the  standby  mode  of  operation  due  to  some  sort 
of  failure.    If  the  failure  proves  to  be  a  momentary  one,  the  altimeter 
can  be  reset  by  placing  the  Standby*Reset  lever  to  Reset  until  the  STBY 
flag  disappears  from  view.    If  the  failure  remains,  the  altimeter  will 
not  reset.    However,  the  altimeter  will  operate  normally  In  the  standby 
position  with  the  flag  in  view.    The  preferred  mode  of  operation  for  this 
altimeter  is  electrical  (servoed)  unless  failures  prohibit  this.  The 
pneumatic  (standby)  mode  may  be  selected  at  any  time  by  holding  the  Standby* 
Reset  lever  in  tha  Standby  position  until  the  flag  comes  into  view.  Note; 
The  positioning  of  the  Standby-Reset  switch  solely  determines  the  mode  of 
operatioD^  of  the  altimeter  and  in  NO  way  controls  the  operation  of  the 
computer. 

Circle  the  letter(s)  for  tha  correct  answer(a). 

When  will  the  AAU-19/A  altimeter  automatically  revert  to  the  Standby  mode 
;  of  operation? 

a.  Power  failure. 

b.  Servo  failure. 

c.  Clogged  pitot  tube. 

d.  Broken  static  line. 


Answers  to  Frame  10;    a.  c. 
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Frame  12 


When  the  altlineter  is  in  the  standby  mode,  a  28  VDC  vibrator  is 
energized*    Moving  the  lever  to  Reset  until  the  standby  flag  goes  out 
of  view,  will  deenergize  the  vibrator.    The  purpose  of  the  vibrator  la 
to  reduce  the  effect  of  friction*    Less  friction  enables  the  instnuaent 
to  provide  3^  smoother  display  vhen  altitude  changes  occur*    If  the 
vibrator  fails,  the  etLtlmeter  will  continue  to  provide  a  display*  The 
only  difference  will  be  less  smooth  pointer  movement  with  changes  of 
altitude* 

Circle  the  letter(s)  that  identify  the  correct  answer(s)* 
When  is  the  vibrator  used  to  reduce  the  affects  of  friction? 
a*      In  the  reset  mode* 
b*      In  the  standby  mode* 
c*     In  the  reset  and  standby  modes* 
d*     When  28  VDC  power  to  the  altimeter  falls* 


r 


Answers  to  Frame  11:    a .    b , 
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Frame  13 


The  altimeter  has  a  counter  (A),  drum  <B)  and  pointer  (C) 

display  as  shown  below*    The  1,000  foot  counter  and  the  100  foot  drum 
provides  a  djrect  digital  reading  of  altitude.    These  readings  are  in 
increments  of  100  feet  and  range  from  -1,000  to  +S0,000  feet*    The  pointer 
(C)  repeats  the  100  foot  readings  of  the  drum  (B)  and  gives  a  more  accurate 
reading  than  the  drum.    Two  methods  are  utilized  in  reading  the  altimeter. 
One  is  to  read  the  counter  and  drum  windows  without  reference  to  the  pointer. 
The  other  is  to  read  the  counter  and  pointer  and  skip  the  drum. 


Circle  the  letters  of  the  correct  answers. 

It     What  is  the  altimeter  indicating,  using  the  dnm  method  of  reading 
the  altimeter? 

a.  5,610  feet. 

b.  3,009  feet. 

c.  56,000  feet, 
dt     56,100  feett 

2t     What  is  the  altimeter  Indicating,  using  the  counter/pointer  method 
of  reading  the  altimeter? 

a.  56,040  feett 

bt  56,085  feett 

c*  56,140  feet* 

d.  56,185  feet.  I  ooo 


c 


Answer  to  Frame  12 t  b. 
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Frame  14 


The  altimeter  is  set  by  using  the  manually  operated  barometric  set 
knob*    The  barometric  scale  appears  on  counters  and  is  read  in  inches  of 
Hg  (mercury).    The  barometric  scale  has  a  calibrated  range  of  28.10  to 
31*00  Inches  of  Hg*    The  altimeter  setting  should  be  made  in  both  pneumatic 
(standby)  and  the  servoed  (reset)  mode  of  operation*    The  altimeter  setting 
is  accomplished  as  follows: 

Position  the  Standby-Reset  switch  to  standby*    Adjust  the  barometric 
set  knob  so  that  the  altimeter  pointer  indicates  field  elevation*  Extend 
and  rotate  the  barometric  set  knob  until  the  barometric  counter  agrees  with 
the  local  barometric  pressure*    The  knob  is  then  returned  to  the  center 
position*    This  completes  the  pneumatic  (standby)  adjustment* 

The  servoed  (reset  adjustment  is  accomplished  by  first  positioning  the 
Standby-^Reset  switch  to  Reset)*    With  the  barometric  set  knob  in  the  center 
position »  rotate  the  knob  so  that  the  barometric  counter  Indicates  local 
barometric  pressure*    Depress  the  barometric  set  knob  and  adjust  the  altimeter 
pointer  to  field  elevation*    Return  the  barometric  knob  to  the  center 
position  and  lock  into  place* 

Verify  the  altimeter  settings  by  moving  the  altimeter  Standby^^Reset 
svitch  first  to  standby  then  to  reset*    The  pointer  shall  continue  to 
indicate  field  elevation  4r5  feet* 

Circle  th^  letter (s)  that  identifies  the  correct  answers* 

In  What  mDde(s)  should  the  AAU-^l9/A  altimeter  setting  be  accomplished? 

a*  Standby* 

b*  Reset* 

c*  Interrogation* 

d.  Barometric* 


Answers  to  Frame  13:    I*    d.       2.  b* 
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Frame  IS 


You  learned  in  the  preceding  pages  that  the  altimeter  has  tuo  inputs: 
a  pneumatic  input  of  indicated  static  pressure  (PSI)  from  the  aircraft's 
pltot-static  system  and  a  servo  (electrical)  input  from  the  CPU-46/A  or 
CPU-66/A  altitude  computers  or  an  air  data  computer.    Tae  AAU-19/a  altimeter 
can  be  used  with  any  one  of  the  ^  jve  computers.    The  primary  mode  of 
operation  for  AIMS  is  the  servo  (e  .ectrical)  mode.    The  synchro  signal 
will  override  the  pneumatic  signal  to  the  altimeter  when  the  altimeter  is 
in  the  reset  mode* 

Match  the  items  in  Coltimn  "A"  to  their  functions  in  Column  "B"  by 
placing  the  correct  letter  of  the  function  in  the  correct  space  in  Column 

Ua  11 

Column  B 

a-  No  automatic  altitude  reporting 
available  in  the  event  of  servo 
system  failure. 

b.     Used  to  perform  an  altimeter  setting* 

c*  Indicates  sea  level  pressure  in 
inches  of  Hg* 


Column  A 
1*    Baro  set  knob* 
2*    Standby  mode* 
3*  Aneroids* 
4*    Barometric  scale. 


d.     Precision  pressure  mechanism. 


1294 

Ancvers  to  Frame  14:    a>  b. 
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Frame  16  ^^^^ 

The  CPU-66/A  Altitude  Computer  is  designe<Ljfor  use  from  -1,000  to 
+50,000  feet  altitude  at  speed  from  0  to  0.95  mach*    The  altitude  computer 
consists  of  pressure  sensing  means,  a  computing  mechanism,  an  error  signal 
generator,  a  servoloop  and  output  devices.    The  computer  provides 
corrected  pressure  altitude  (Hp)  from  the  Inputs  of  indicated  static 
pressure  (PSI)  and  total  pressure  (Pt)»    The  static  pressure  correction 
cam  is  readily  replaceable  in  the  event  that  a  change  is  necessary  or 
if  the  computer  is  to  be  used  in  a  different  type  aircraft.  Reference 
figure  5  on  page  21* 

The  CFU*66/A  Altitude  Computer  provides  two  outputs  of  corrected 
altitude  Information;  a  servoed  (analog)  signal  for  positioning  the 
remote  servoed  altimeters  (AAU-^19/A)  and  an  encoded  altitude  signal  to 
the  aircraft^s  transponder  for  altitude  reporting* 

Although  the  CPU'66/A  Altitude  Computer  uses  the'  same  inputs  and 
provides  the  same  type  outputs  as  the  CFU^6/A,  it  does  not  process 
the  input  signals  to  provide  the  outputs  of  corrected  proessure  altitude 
in  the  same  manner* 

KO  RESPONSE  REQUIRED 


Answers  to  Frame  15:    1.    bt    2,    a,    3.    d,    4«  c« 
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AAU-t9/A 


CPU-66/A 


ALTITUDE  COMPUTER 


ENCODER 


FOWARO  COCKPIT 
COUHTCR  DRUM  POIHTER 
^SERVOEO  ALTIMETER 


JO 


AAU-19/A 


REAR  COCKPIT 
COUNTER  DRUM  POINTER 
SERVOEO  ALTIMETER 


DESET.STANDIY  tEVEII 


Figure  5 
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Frame  17 


Two  types  of  pressure  sensing  devices  are  used  in  the  CPU-66/A  computer. 
The  uncorrected  altitude  is  sensed  by  a  pair  of  aneroids.    As  the  ectemal 
pressure  decreases,  the  size  of  the  aneroids  increases.    The  size  of  the 
aneroids  decreases  as  the  eijctemal  pressure  increases*    The  second  type  of 
pressure  sensor  is  an  airspeed  diaphragm  capsule »    The  airspeed  diaphragm 
capsule,  responds  to  the  difference  between  total  pressure  (Pt)  and  static 
pressure  (Ps) ,    Aircraft  total  pressure  Is  transmitted  Into  the  airspeed 
diaphragm  capsule  through  a  tube  leading  from  the  pitot  pressure  port^ 
Since  the  airspeed  diaphragm  capsule  has  static  pressure  acting  on  the 
external  surface,  the  capsule  height  increases  as  the  differential  pressure 
(pitot  pressure  minus  static  pressure)  Increases. 


Circle  the  letter(s)  of  the  correct  answer(s). 
What  are  the  sensing  devices  used  in  the  CFU-66/A  altitude  computer? 

a.  Aneroids  and  a  diaphragm. 

b.  Aneroid  and  bellovs. 
c*     Diaphragm  and  bellovs. 

d^     Bellows  and  bourdon  tube. 


MOtOt 


CnCODH 
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Frame  18 

Linkage  attached  to  the  aneroids  provide  displacement  which  rotates 
the  main  rocking  shaft  as  a  function  o£  uncorrected  altitude*    A  pinion 
on  the  microsyn  rotor  shaft  is  driven  by  the  arm  on  the  rocking  shaft 
through  the  Geneva  sector  and  disk  assembly*    The  error  signal  generated 
by  the  microsyn  is  fed  to  the  servo  amplifier*    The  amplifier  output  is 
supplied  to  the  servomotor  which  drives  the  rate  generator  and  the  servo 
gear  train*    The  encoder  and  synchro  output  devices  are  driven  until  the 
error  signal  is  cancelled  and  the  servo  is  back  to  the  null  condition*  The 
rate  generator  output  is  coupled  back  to  the  amplifier  to  provide  negative 
feedback  for  damping  and  stability* 

No  Response  Required 


Answer  to  Frame  17:  a. 

22 


Frame  19  ^^^^ 


A  failure  monitor  circuit  is  provided  in  the  computer.    In  the  event 
of  power  losses  or  excessive  error  voltages >  the  failure  monitor  relay 
deenergizes.    This  in  turn  opens  the  relay  contacts  to  the  encoder  cotomon 
lead  to  prevent  an  incorrect  encoder  output.    Power  to  the  servoed  altimeter 
is  also  interrupted  causing  them  to  revert  to  the  "standby"  mode*  Power 
is  provided  to  the  warning  lights  to  indicate  the  AIMS  system  is  in  the 
STBY  mode.    A  three  second  time  delay  is  provided  to  prevent  "nuisance" 
switching  which  might  be  caused  by  txirbulent  air  or  momentary  power  surges* 

Circle  the  letter(s)  that  identifies  the  correct  answer(3)* 

What  is  the  period  of  time  delay  in  the  failure  monitor  circuit  of  the 
CPU-66/A  altitude  computer? 

a.  1  Second* 

b.  3  seconds* 
c*  1  minute, 
d.  3  minutes* 
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Frame  20 


The  AAU^21/A  altimeter-encoder  combines  a  conventional  pneumatic 
(pressure  operated)  altimeter,  counter/drum  pointer  display,  and  an  altitude- 
reporting  encoder  in  one  self-contained  unit*    The  1,000  foot  counter  and 
the  100  foot  drum  provide  a  direct  digital  readout  of  altitude  in  100  foot 
increments  from  -1,000  to  +38,000  feet*    The  pointer  repeats  the  indications 
of  the  100  foot  drtim* 

The  self-* contained  servo  driven  encoder  provides  altitude  in  100  foot 
increments  for  automatic  transmission  when  the  AIMS  transponder  is  interrogated 
by  the  ground  control  station*    The  components  vhich  position  the  encoder 
consist  of  a  servo  amplifier,  a  servo  motor  and  a  synchrotel*    Uith  changes 
in  pressure  due  to  changes  in  altitude,  the  altimeter  mechanism  positions 
the  dial  display  and  also  the  rotor  of  the  synchrotel*    As  the  rotor  turns, 
an  error  voltage  is  developed  and  amplified  to  drive  the  servo  motor*  The 
servo  motor  rotates  the  synchrotel  ca3e  to  maintain  electrical  zero,  and  at 
the  same  time  positions  the  encoder  iuside  the  altimeter* 

In  case  c5  poorer  loss  to  the  encoder  servo  system,  a  CODE  OFF  flag  will 
appear  automatically  in  a  ^Tindow  in  the  upper  left  portion  of  the  altijneter 
dial,  indicating  that  altitude  information  is  no  longer  available  to  be 
transmitted  to  the  ground*    In  this  condition  the  instrument  continues  to 
function  as  a  normal  barometric  altimeter*    I'Jhcn  power  is  applied*  the 
'encoder  will  become  operable  as  the  CODE  OFF  flag  retracts  from  view* 
Reference  figure  6  on  page  25* 

Circle  the  letter(3)  that  identifies  the  correct  answer(3)* 

Under  which  of  the  following  conditions  can  the  AAU-21/A  altimeter  encoder 
be  used? 

a*     Low  speed,  low  altitude* 

b*     Medium  speed,  medium  altitude* 

c*     High  speed,  high  altitude* 


Answer  to  Frame  19;  b. 
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Frame  21 


The  IFF  (identification  friend  or  foe)  transponder  set  provides  auto- 
matic identification  of  the  aircraft  in  which  it  is  installed*  when  inter^ 
rogated  by  the  ground  station*    In  operation*  the  identification  system 
receives  coded  interrogation  signals*  evaluates  these  signals*  then  trans- 
mits coded  response  signals  to  the  source  of  the  challenge.    Proper  reply 
indicates  the  interrogated  aircraft  is  friendly.    The  IFF  system  inter- 
faces with  the  AIMS  system  for  altitude  reporting*    the  modes  provided 
for  interrogation  or  automatic  response  to  interrogation  signals  are: 
loode  1  for  security  identification*  mode  2  for  personal  Identif ication» 
mode  3/A  for  traffic  idantification  and  mode  C.    Mode  C  is  the  mode  used 
in  conjunction  with  the  AIMS  system.    The  IFF  transponder  receives  coded 
barometric  altitude  information  from  the  altitude  encoder.    The  transponder 
control  panel  has  a  mode  C  selector  switch  with  two  positions:    ON  which 
enables  r.:sponse  to  mode  C  interrogation;  Out  which  disables  mode  C  response* 

Circle  the  letter(s)  for  the  correct  answer ( s) . 

The  AIMS  system  uses  which  IFF  transponder  mode(s)? 

a.  Mode  1* 

b.  Mode  2. 

c.  Mode  3/A. 

d.  Mode  C. 


Answers  to  Frame  20;-  a. 


TROUBLESHOOTING 


Fraose  22 


We  vill  not  discuss  troubleshooting  of  the  AIMS  system.  To 
accomplish  troubleshootings  you  will  be  using  the  Altitude  Encoder  Logic 
Charts  vhich  is  extracted  from  the  AIMS  system  technical  order.  It 
contains  encoder  logic  output  information  for  various  altitudes.  You 
will  also  use  the  AIMS  system  diagram  in  order  to  analyze  various 
malfunctions  in  the  AIMS  system. 

XroubXeshoociBg  of  the  AIMS  system  centers  around  the  altitude  computer 
and  the  type  of  problems  encountered.    One  type  of  problem  Is  when  the 
cockpit  altimeters  are  in  error  between  STBY  (pneumatic)  and  reset  (electrical) 
modes  or  that  the  system  won^t  stay  In  the  reset  (electrical)  mode*  A 
problem  of  this  type  could  be  caused  by  power,  wiring  between  th^  computer-* 
encoder  and  the  altimeters  >  a  malfunctioning  computer-^encoder^  or  pltot- 
static  pressure  problems* 

Another  type  of  problem  is  a  difference  between  the  cockpit  altimeters 
and  the  altitude  received  by  the  ground  station*    This  type  of  problem  could 
be  caused  by  a  malfunctioning  computer^encoder  output  or  faulty  wiring  between 
che  compute r*en coder  and  the  IFF  transponder* 


No  Response  Required 


Answer  to  Frame  21:  d. 
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Frame  23 


Typical  problems  aret 

1,  An  open  wire  between  the  computer-^encoder  and  the  altimeter 
causing  erratic  altimeter  operation  and  the  altimeter  to  revert  to  STBY 
mode.    An  open  wire  between  the  computer  ^-encoder  and  the  IFF  transponder 
causing  erroneous  altitude  outputs  to  the  ground  station* 

2,  Shorts,  either  to  another  wire  or  to  ground^  between  the  computer- 
encoder  and  the  altimeter  causing  erratic  altimeter  readings  and  the 
altimeter  will  revert  to  STBY  mode.    If  the  short  is  between  the  computer- 
encoder  and  the  IFF  transponder,  It  will  cause  erroneous  altitude  outputs 

to  the  ground  station* 

3,  Pltot-statlc  problems  will  cause  the  same  type  o£  problems  as 
with  conventional  systems  except  that  two  units  will  be  affected^  the 
altimeters  and  the  altitude  computer-encoder. 

After  you  have  these  typical  problem  areas  firmly  In  mlnd^  continue 
to  the  next  frame. 


Ho  Response  Required 


Frame  2A 


When  the  ground  station  reports  a  different  altitude  than  the 
aircraft,  the  pilot  will  normally  switch  the  altimeters  to  standby  to 
check  them.    In  the  problems  we  giva  you,  you  should  assume  the  pilot 
has  checked  the  altimeters  and  foun^  them  to  be  accurate. 

When  the  aircraft  chiinges  altitude^  the  ground  station  will  not 
be  able  to  keep  up  with  the  changes.    Therefore^  they  won/t  check  the 
altitude  until  the  aircraft  has  reached  cruising  altitude. 

You  may  notice  that  the  problems  we  give  you  would  cause  dis- 
crepancies; at  other  altitudes  as  veil  as  the  ones  mentioned.  However, 
since  they  only  check  the  output  at  cnising  altitude*  the  pilot  and 
ground  station  will  not  be  aware  of  the  problem  at  the  other  altitudes. 

Check  (/)  the  correct  statemcntCs)  below: 

1,     The  pilot  can  check  his  altimeter  reading  by  manually  switching 
his  altimeters  to  standby. 

 ^2,      The  ground  station  will  check  the  output  it  receives  during 

the  time  the  aircraft  is  ascending, 

3,      Horroally  the  ground  station  will  check  the  output  it  receives 
at  cruisinjg  altitude  only. 
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Frame  25 


Before  we  give  you  some  problems^  we  will  discuss  how  to  use  the 
altitude  aicoder  output  logic  chart.    This  chart  shows  you  what  logic 
must  be  on  for  the  ground  station  to  read  the  different  altitudes.  For 
example  to  transmit  a  reading  of  6900  feet  logic  AZ^  A4«  C2  and  C4 
should  be  on.    Suppose  the  ground  station  reports  that  it  is  receiving 
an  output  of  6800  feet  instead  of  the  6900  feet  output  it  should  be 
receiving.    Look  at  your  chart  again^  to  read  6800  feet  logic  A2»  A4  and 
C4  should  be  on. 

You  now  have  enough  information  to  locate  your  problem*  Compare 
logic  output  of  6800  feet  and  6900  feet»  the  only  difference  is  that  C2 
is  on  at  6900  feet  and  off  at  6800  feet*    Therefore^  your  problem  is 
that  the  ground  station  isn't  receiving  an  output  from  C2.    This  could 
be  caused  by  wire  C2  being  open  or  shorted  to  ground*    By  using  your 
wiring  diagram  you  can  see  which  pin  you  should  check* 

Check  (/)  the  c^^rrect  response(s}  below: 

1*     An  aircraft  is  at  6A00  feet  but  the  ground  station  is  receiving 
an  output  indicating  that  the  aircraft  is  at  6500  feet.  This 
could  be  caused  by 


a* 

A4  wire  being  open* 

b* 

CI  wire  being  open. 

c. 

CI  wire  being  shorted 

to  ground* 

d. 

CI  wire  being  shorted 

to  C2* 

e. 

C2  wire  being  open* 

Answers  to  Frame  2A:       *^    1.   2*        ^  3. 
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Frame  26 


Let^s  look  at  oite  other  example  using  your  logic  chart.    The  ground 
station  is  receiving  an  output  of  7300  feet  and  the  aircraft  is  at 
7200  feet*    First  compare  the  output  for  each  altitude*    The  output  for 
7300  feet  is  A2^  A4^  E4  and  CI;  and  the  output  for  7200  feet  is  A2^  A4 
and  CI*    Output  B4  is  the  only  one  that  the  two  altitudes  do  not  havp 
in  coounon  *    Since  the  ground  station  is  receiving  an  output  of  7300  feet 
instead  of  7200  feet^  it  is  receiving  an  output  firom  B4*    This  could 
only  be  caused  by  id.re  E4  being  shorted  to  wire  CI*    Now  you  are 
ready  to  go  to  your  xd^rlng  diagram* 

Check  f/j  the  correct  response(s)  below: 

1.  An  aircraft  is  at  a  cruising  altitude  of  5500  feet*  The  ground 
station  indicates  that  its  reading  shows  it  at  5400  feet*  This 
could  be  caused  by 

a.  CI  xd.re  being  open* 

b.  CI  wire  being  shorted  to  B4* 
 ^c*      CI  xrtre  being  shorted  to  C2* 


d*      CI  xd.re  being  shorted  to  ground* 


Answers  to  Frame  25:  a*   ^b*       ^    c *   d* 
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Frame  27 


Following  are  some  examples  of  wiring  problems*    Remember  tbat  tbe 
pilot  may  not  see  all  of  tbe  problems  tbat  may  occur  to  tbe  AIMS  system 
and  will  usually  notice  problems  only  at  cruising  altitudes «    Tbe  problems 
are  presented  in  a  manner  in  vbicb  you  would  see  them  written  in  tbe 
APTO  Form  781A,  — 

In  tbe  samples  below^  trace  tbe  problems  using  tbe  Logic  Cbart  and  * 
the  schematic* 

1*     The  pilot  reported  tbat  tbe  cockpit  altimeters  were  reading 
9^000  feet  when  tbe  ground  station  reported  tbe  altitude  at  8,900  feet. 
By  looking  at  tbe  altitude  encoder  output  logic  charts  you  find  tbat  tbe 
only  difference  in  these  altitudes  is  logic  The  only  possible  cause 

^   '  of  this  problem  is  either  a  malfunctioning  compute r*encoder  or  a  sbortecl 
wire  between  C4  and  A2«  aA^  BI,  B2  or  C2.    Now  look  at  tbe  schematic  of 
tbe  AIMS  system,  check  tbe  IFF  transponder  shift  register  and  find 
which  wire  carries  output  C4*    You^ll  find  that  tbe  wire  from  pin  15  of 
J1C66P408C)  to  pin  IS  J1(71P31IA)  must  be  shorted  to  Al  wire  carrying 
output  A2,  A4»  Bl»  B2  or  C2, 

2»     Open  or  short  to  ground;    The  aircraft  altimeters- indicated  8»000 
feet  and  the  ground  station  reported  7^500  feet*    By  looking  at  these  two 
altitudes  on  encoder  output  logic  cbart  we  find  that  the  only  difference 
Is  logic  B-*2.    We  now  have  three  possible  problems  *  a  malfunctioning  computer 
encoder^  an  open  wire  or  shorted  wire  to  ground  at  pin  11  of  J1(66P408C)  of 
the  IFF  transponder  or  an  open  wire  or  shorted  wire  to  ground  at  pin  11 
of  J1(71P311A)  of  the  altitude  computer.    Assuming  that  the  altitude  computer 
encoder  has  bench  checked  good^  then  this  problem  would  be  faulty  wiring* 
Only  one  answer  will  be  given  tbat  is  correct  *  either  open  or  shorted  wires 
will  kill  logic  B-2  to  the  transponder. 

Continue  with  the  following  problems; 

1*    The  ground  station  reported  the  aircraft  at  6»000  feet  while  the 
aircraft  altimeters  indicated  6^100  feet*    The  trouble  could  be 

a.  open  between  pin  13  of  Jl(71P31lA)  and  pin  13  of  J1(66P408C), 

b.  open  between  pin  IS  of  J1C71P311A)  and  pin  IS  of  J1(66P408C), 
c»      short  between  pins  12  and  13  of  J1(66P408C), 

d,      short  between  pins  13  and  14  of  J1C71P311A), 

2.    Both  altimeters  in  the  STBY  mode  Indicated  cabin  pressure  altitude. 
The  trouble  could  be 

a«  broken  pltot  line* 

b*  broken  static  line* 

c.  clogged  static  line* 

d.  clogged  plcot  tube*  f  T>  i 


3*  Xlie  pilot  and  co-pllot  reported  that  both  the  front  cockpit  and  rear 
cockpit  altimeters  failed  to  shov  a  change  in  altitude  In  both  reset 
and  STBY  modes*    The  trouble  could  be 

a*  dogged  static  port. 

b*  dogged  pltot  tube. 

c*  defective  computer, 

d*  defective  altimeter* 

4*    During  flighty  the  ground  station  reported  the  aircraft  at  8»700  feet 
while  the  aircraft  altimeters  read  d»800  feet*    the  trouble  could  be 

a*  open  between  pin  7  of  J2(71F3115>  and  pin  18  of  66F/J316* 

b.  open  between  pin  11  of  Jl(71P31lA)  and  pin  11  of  J1(66P408C)- 

c*  open  between  pin  10  of  Jl(71F31lA>  and  pin  10  of  Jl(66F40dC). 

d.  open,  between  pin  9  of  Jl(71P31lA)  and  pin  9  of  Jl(66P408C)* 

5.  During  flighty  the  aircraft  altimeters  Indicated  3»300  feet  while  the 
ground  station  reported  4,200  feet*    The  trouble  could  be 

a-  open  between  pin  10  of  Jl(71P3llA)  and  pin  10  of  J1(66P408C). 

b.  short  between  pins  12  and  13  of  J1(71P312A>. 

c*  open  between  pin  11  of  J1C71P311A)  and  pin  11  of  J1(66P408C). 

d.  short  between  pins  11  and  12  of  Jl(71P3m). 

6,  During  flight,  the  pilot  reported  that  the  F/C/P  altimeter  fluctuated 
In  the  Reset  mode  before  switching  to  the  STBY  mode.    The  trouble 


a.  open  between  pin  5  of  J2(71P311B)  and  pin  15  of  66P/J316, 

b.  open  between  pin  12  of  Jl(71P31lA)  and  pin  12  of  J1(66P408C). 

c.  open  between  pin  10  of  J2(71P311B>  and  pin  18  of  66P/J317. 

d.  open  between  pin  9  of  J2(71P311B>  and  pin  17  of  66P/J316. 


could  be 
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7,  The  cO"pilot  reported  that  his  altimeter  stopped  moving  in  the  Reset 
mode  before  automatically  switching  into  the  STBY  mode.  The  trouble 
could  be 

a.  open  between  pin  1  of  J2(7lP311B)  and  pin  15  of  66P/J3l7, 

b,  open  between  pin  5  of  J2(7lP311B)  and  pin  15  of  66P/J316* 

c*     open  between  pin  14  of  Jl(71P31U)  and  pin  14  of  J1(66P408C)* 

d.     open  between  pin  12  of  J2(71P31U)  and  pin  17  of  66P/J317* 

8*    The  pJJ.ot  reported  that  the  front  cockpit  altimeter  failed  to  ftmction 
in  the  STBY  mode.    The  trouble  could  be 

a*  defective  altimeter* 

b*  defective  computer* 

c*  clogged  pltot  line* 

d*  defective  transponder* 


Answers  to  Frame  26:   ^a,        *^   L„<^*   ^*   

Answers  to  Troubleshooting  Problems!    1,    a*      2*    b*      3*    a*    4*  c, 

S*    d*      6,    d*      7.    a*    8,  a* 
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LEAK  CHECK  OF  THE  TTU-205C/E  PRESSURE  TEMPERATURE  TEST  SET 
OBJECTIVES 

Use  this  workbook  and  a  TTU-205C/E,  perform  a  leak  check  of  the 
TTU-205C/E  test  set  with  no  more  than  one  (1)  assist  from  the  lab 
ins true tor^ 

EQUIPKENT 


PROCEDURE 

Use  the  following  procedures  to  perform  an  operational  check  and 
a  leak  check  of  the  TTU*205C/E  test  set. 

Caution;    Remove  all  jewelry, 

OPERATIOKAL  CHECK  AND  LEAK  CHECK  OF  THE  TTU-205C/E 

1,      Preparation  of  TTU-205C/E  test  set  for  operation, 

a.      Adjust  test  set  controls  and  position  test  set  switches 
to  the  initial  settings  as  shown  on  page  2, 


Supersedes  3ABR3253 I-WB-303  and  3ABR32632B-WB-401A,  14  March  1975- 
OPR:    3360  TCHTG 
DISTRIBUTION:  X 

3360'TCHTG/TTGU-F  -  400;  TTVSA  -  2 

Designed  for  ATC  Course  Use.    Do  ^ot  Use  On  the  Job, 


3ABR32531-WB-303 
TTU-205C/E  Test  Set 


Basis  of  Issue 
l/student 
1/2  students 


b. 


Connect  115  volt  AC  400  Hz  power  cord  to  power  cable. 


SWITCH  OR  CONTROL 

POSITIOM 

Power 

OFF 

Modulation  Frequency  H2 

OFF 

Modulation  Amplitude 

0 

Mach  Limit  Disabled-Hormal 

Normal 

Mach  Limit  Set 

2.8 

Alt*  Leak  Test  Switch 

OFF 

Airspeed 
Altitude 

Leak  Test  Switch 

\ 

Trim  Control 

OFF 

Center  of  Travel 
(5  turns  total) 

Airspeed 

Trim  Control 

Center  of  Travel 
(1  turn  total) 

Airspeed 

Knots 

100 

Airspeed 

Rate  Knots/Minute 

250 

Altitude 

X  1000  Feet 

0 

Altitude 

Rate  X  100  Feet/Minute 

35 

Altitude 

Hold 

Normal 

Normal/ Read  Ext 

Normal 

Pitot  Pressure  Vent 

Closed  (CW) 

Static  Pressure  Vent 

Closed  (CW) 

Figure  1* 


Read  this  page  before  proceeding  with  test  set  start  up. 

Note:    Before  proceeding  any  further,  read  the  instructions  given 
below  for  abnormal  pressure  conditions.    After  reading  the 
information  on  abnormal  pressure  conditions,  proceed  with  the 
procedure  given  In  item  2  for  test  set  startup  procedures. 

ABNORMAL  PRESSURE  CONDITIONS 

In  the  event  that  the  altitude  and/or  airspeed  range  of  the  test 
set  is  exceeded  when  the  power  switch  is  turned  on,  the  appropriate 
warning  lamp  will  illuminate,  the  green  lights  will  extinguish  and 
the  pump  will  stop.    To  Correct  the  abnormal  pressure  conditions 
accomplish  the  following: 


1.  Move  the  switch  from  NORKAL  to  READ  EXT  mode.     Blovec  will 
stop  running,  ana  all  power  is  removed  from  the  test  set  except  the 
ALTITUDE  and  AIRSPEED  Indicators. 

2.  Slowly  open  the  pitot  VEWT  valve  until  the  airspeed  indicator 
shows  that  pltot  pressure  Is  near  ambient  pressure. 

3.  Slowly  open  the  static  VENT  valve  until  the  altitude  indicator 
shows  that  altitude  is  near  ambient  pressure. 

Note:    The  pitot  pressure  line  should  be  vented  to  atmosphere 
before  venting  the  static  pressure  line.    This  prevents  creating 
a  negative  differential  pressure.    In  any  event,  check  valves  in 
test  set  that  are  connected  between  the  pltot  and  static  output 
lines  prevent  more  than  1/2**  Hg  negative  differential  pressure 
from  being  developed.    This  protection  is  present  whether  the 
test  set  power  is  ON  or  OFF  or  whether  the  test  set  is  in 
NORMAL  or  READ  EXTERNAL  modes  of  operation. 

4.  Close  the  static  and  pltot  vent  valves  and  restore  operation 
by  adjusting  the  airspeed  and  altitude  controls  to  ambient  settings^ 
and  Place  the  test  switch  from  READ  EXT  to  NOIIMAL. 

The  MACH  LIMIT  LAMP  (RED)  will  Illuminate  whenever  an  airspeed 
is  commanded  that  exceeds  the  limit  value  corresponding  to  the 
existing  altitude  and  the  setting  of  the  LIMIT  SET  control.  The 
airspeed  counter  will  run  up  only  to  the  limit  value,  not  up  to  the 
command  value.    The  mach  limit  conditions  may  be  corrected  by: 

1.  Reducing  the  commanded  airspeed. 

2.  Reducing  the  actual  altitude. 

3.  Increasing  the  setting  of  the  MACH  LIMIT  control. 

Note:     If  a  mach  number  greater  than  3.00  is  desired,  place 
the  tnach  limit  switch  in  the  DISABLED  position. 

A.      Perform  Test  Set  Startup  as  follows: 

a.  Position  test  set  power  switch  to  ON. 

RESULTS:    Test  set  power  lamp  shall  light.    T^o  green 
READY  lights  shall  light  in  approximately  I  minute. 

b.  Allow  test  set  10-minute  warmup  time  and  allow  ALTITUDE 
FEET  and  AIRSPEED  KNOTS  counters  to  stabilirse  before  proceeding. 

c.  Cycle  ALTITUDE  and  AIRSPEED  upscale  and  downscale 
(pneumatic  cycling)  for  a  minimum  of  two  complete  cycles  as  follows: 

(1)  Set  ALTITUDE  RATE  X  1000  FEET/MINUTE  to  35  and 
ALTITUDE  X  1000  FEET  to  75  and  allow  ALTITUDE  FEET  counter  to  read 
approximately  75,000  feet  and  settle. 


Note:    Do  not  change  previous  settings  of  AIRSPEED  controls 
during  altitude  cycling. 

(2)    Set  ALTITUDE  X  1000  FEET  to  SEA  LEVEL  and  allow 
counter  to  settle  to  approximately  zero  feet* 


(A)    Return  ALTITUDE  RATE  K  1000  FEET/MINUTE  and 
ALTITUDE  X  1000  FEET  to  initial  settings  shown  in  figure  1. 


(6)  Set  AIRSPEED  KNOTS  to  950»    Allow  AIRSPEED  KNOTS 
counter  to  reach  approximately  950  knots  and  settle. 

Note:    Do  not  change  previous  settings  of  ALTITUDE  controls 
during  cycling  of  airspeed* 

(7)  Set  AIRSPEED  KNOTS  to  100»    Allow  AIRSPEED  KNOTS 
counter  to  settle  at  approximately  100  knots* 


(9)    Return  AIRSPEED  RATE  KNOTS/l'INUTE  and  AIRSPEED 
KNOTS  to  initial  settings  in  figure  1.    Allow  AIRSPEED  KNOTS  counter 
to  stabilize  * 

5,      Perform  test  set  leak  check  as  follows: 

a*      Adjust  test  controls  to  AO, 000  feet  and  700  knots*  Allow 
test  set  counters  at  least  10  seconds  to  stabilize* 

b.      Position  LEAK  TEST  ALT  switch  to  ON  and  allow  altitude 
FEET  counter  to  stabilize*    Leave  switch  In  this  position  for  five 
minutes* 

RESULTS:     (l)    Amber  ALT  leak  test  lamp  will  light* 


c*      Determine  leak  rate  by  observing  ALTITUDE  FEET  counter 
for  five  minutes*    After  five  minutes,  record  ALTITUDE  FEET  counter 
indication* 

RESULTS:    Altitude  Feet  counter  shall  not  have  changed  more  than 
250  feet* 


d*      Return  LEAK  TEST  ALT  switch  to  OFF* 

RESULTS:     (1)    Amber  lamp  will  go  ouC  immediately* 

(2)    Green  STATIC  PRESSURE  READY  lamp  will  light  after 
approximately  one  minute* 


(3)    Repeat  substeps  1  and  2  at  least  one  time* 


(5)     Set  AIRSPEED  RATE  KNOTS/MINUTE  to  400* 


(8)    Repeat  substeps  6  and  7  at  least  one  time* 


(2)    Green  READX  lamp  will  go  out* 


Sat* 


(Jnsat* 


Position  the  LEAK  TEST  AS  switch  to  ON  and  allow  AIRSPEKD 
KNOTS  counter  to  stabilize*    Leave  switch  in  this  position  for  five 
minutes* 

RESULTS:     (1)    Amber  AS  lamp  will  light, 

(2)    Green  READY  lamp  will  go  out* 

f*      Determine  leak  rate  by  observing  AIRSPEED  KNOTS  counter 
for  five  minutes*    Record  AIRSPEED  KNOTS  counter  indication* 

RESULTS:    AIRSPEED  KNOTS  counter  shall  not  have  changed  more 
than  five  knots* 

Sat*  Unsat* 


g*      Return  LEAK  TEST  AS  switch  to  OFF* 

RESULTS:    (1)    Amber  light  will  go  out  immediately* 

(2)    Green  PITOT  PRESSURE  READY  lamp  will  light  after 
approximately  one  minute* 

Caution:    Do  not  use  a  test  set  that  fails  the  above  leak  check 
>  supply  inputs  for  test  of  the  air  data  computer  systems*  If 
test  set  fails  leak  check,  repair  or  replace  test  set* 

6*      Test  Set  Shutdown,  TTU-205C/E 

a*      Perform  test  set  shutdown  when  any  of  the  following 
conditions  exist: 

Note:    For  normal  shutdown  procedures  refer  to  paragraph  4* 

(1)  When  any  pneumatic  connection  is  to  be  opened* 

(2)  When  test  set  power  switch  is  to  be  positioned  to  OFF* 

(3)  When  test  procedures  are  complete* 

(4)  When  test  power  has  been  in'^errupted* 

(5)  When  any  of  the  test  set  warning  Indicator  lamps  (4), 
except  Mach  Limit,  light* 

(6)  When  green  READY  light  goes  out  and  nc  warning 
indicator  lamp  lights* 

6*      Perform  Test  Set  Shutdown  as  follows: 

a*      Rotate  ALTITUDE  X  1000  FEET  control  to  Sea  Level* 

b*      Adiust  AIRSPEED  KNOTS  control  to  100  knots* 

Note;    If  at  high  altitude  and  high  airspeed,  decrease  altitude 
before  airspeed* 


Allow  counters  to  stabilize* 


d*      Slowly  rotate  airspeed  (P  )  vent  fully  counterclockwise 

to  oren* 

Note:    If  test  pneumatic     aes  are  connected  to  aircraft  pitot 

static  probe  adapter,  do  ttot  proceed  with  shutdown  until 

airspeed  (P^)  vent  has  been  full  opened  for  a  minimum  of  ona  minute^ 

e.      Slowly  rotate  altitude  (P  )  vent  fully  counterclockwise 

s 

to  open*    Allow  pressur^j  to  bleed  down  completely, 

f*      Position  test  set  power  switch  ;:o  OFF^ 

Caution:    Allow  at  least  two  raiputes  after  test  set  shutdown 
before  restarting  the  test  set* 

g*     D'^sconnect  electrical  power  source* 


1329 


WORKBOOK 


3ABR32531-WB-302A 
3ABR32632B-WB-402A 


Technical  Training 


Avionics  Instrument  Systems  Specialist 
Integrated  Avlonlc  Systems  Specialise 


DtSPECTION,  OPERATIONAL  CHECK  AND  BENCH  CHECK  AIMS 


CHAttUTE  TECHNICAL  TRAINING  CENTER  (ATC) 
3360  Technical  Training  Group 
Chanute  Air  Force  Base,  Illinois 


DESIGNED  FOR  ATC  COURSE  USE 


DO  NOT  USE  ON  THE  JOB 


Flight  Training  Devices/Instrumenc  Branch 
Chanute  AFB^  Illinois 


3ABR32531-WB-302A 
3ABR32632B-WB-A02A 


IMSPECTION,  OPERATIONAL  CHECK  AND  BENCH  CHECK  AIMS 

OBJECTIVES 

Given  a  workbook,  TO  extract,  test  equipment  and  trairer,  perform 
an  inspectioHt  operational  check  and  bench  check  of  an  automatic  altituoe 
reporting  system  with  a  minimum  of  100%  accurate  workbook  responses* 

EQUIPMENT 

Basis  of  Issue 
TTU-205C/E  1/2  students 

TTU-229/E  1/2  students 

CPU-46/A  1/2  students 

AAU-19/A  Altimeter  1/2  students 

PROCEDURE 

Rezaove  all  jewelry*    Read  this  workbook  carefully,  it  w*ll  guide 
you  through  the  bench  check. 

Special  Note:    Check  figure  3-1  of  TO  extract  5F5-A-13-21  to 
make  sure  all  equipment  is  connected  according  to  the  diagram* 
The  pitot  pressure  and  pitot-static  control  panel  may  b*i  used  in 
place  of  the  pressure  temperature  set,  if  necessary,  and  will  be 
used  in  conjunction  with  3ABR32S31-HO-303* 

Check  the  type  computer  assigned  to  you  by  your  instructor*  Xh* 
type  of  computer  will  be  found  on  the  data  plate  on  the  side  of  the 
computer  chassis  and  the  type  of  aircraft  is  shown  on  the  top  and  side 
of  the  computer. 

Typfe  of  computer  *    Type  of  aircraft  used 


1.      Perform  visual  inspection  in  accordance  with  para  3-5  of 
TO  extract. 

a*     Visual  Inspection     Satisfactory  .    Unsatisiactory  ^ 

2*  Set  up  TTU-20S/E  lAW  table  3-1  of  TO  extract* 
3.      Set  up  TTU-229/E  lAW  table  3-1  of  TO  extract. 

Read  all  cautions  and  r.Jtes* 
A.      Perform  pressure  leak  check  lAW  para  3-8  of  TO  extract. 

a.      Pressure  Leak  Checi-*.    Satisfactory  *    Uusatisfa';  .:;.ry 


Supersedes  3ABR32531-WB-302A,  i    June  1977. 
OPR:    3360  TCHTG 
DISTRIBUTION!  X 

3360TCHTG/rrGU-F  -  300;  TTVSA  -  1 


5,      Perform  Scale  Error  Test  lAW  para  3-9a,  b,  c,       e,  and  £  of 
TO  extract  and  table  3-4  of  TO  extract,  that  pertains  to  the  computer 
and  type  of  A/C  you  are  working  with. 

Note;    Be  sure  you  are  usin^  ttie  chart  for  the  type  of  computer 
assigned  to  you, 

a.  Satisfactory   Unsatisfactory  

b.  Satisfactory   '  Unsatisfactory  

c.  Satisfactory   Unsatisfactory  


d.  Satisfactory   Unsati^actory  

e*  Satisfactory    Unsatisfactory  

f-  Satisfactory   Unsatisfactory  

g.  Satisfactory    Unsatisfactory   

6-      Perform  Encoder  Diode  Test  lAW  para  3-10  of  TO  extract. 

a.      Encoder  Diode  Test  -  Satisfactory   


Unsatisfactory 


7*      Perform  Encoder  Transition  Accuracy  Test  lAW  para  3-11  and 
Table  3-2  of  TO  extract. 

a.      Encoder  Transition  Accuracy  Test  -  Satisfactory   


Unsatisfactory 


8.      Perform  Failure  Warning  Circuit  Test  lAW  para  3-12  of  TO 
extract. 

a.      Failure  Warning  Circuit  Test  -  Satisfactory   


Unsatisfactory 


9*      Perform  Test  Set  Shutdown  lAW  para  3-14e  through  3-14j  of 
TO  extract, 

a.      Test  Set  Shutdown  -  Satisfactory   


Unsatisfactory 

10.      Perform  shutdown  of  TTU-229/E  lAW  para  3-15  of  TO  extract* 

Kota:  Do  not  disconnect  any  hoses  or  cables  from  the  computer 
of  TTU-229/E  Test  Set. 

a.      Test  Set  Shutdown  -  Satisfactory   


Unsatisfactory   

11.  Call  instructor. 

12.  Disconnect  TTU-205C/E  and  TTU-229/E  power  cords  as  per 
instructions  from  innstructor. 

13.  Disconnect  ?^  and  Pg  hoses  from  TTU-205C/E  test  set  as  per 
instructions  from  instructor* 
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SECTION  111 
3ENCH  TEST  PROCEDURES 


3-1*  GENERAL* 

3-2*    The  following  checkouc  procedures 
cover  Field  (Intersiediate)  Level 
(Bench)  Tesclng  of  che  compucers* 

3-3*  The  compatert  £,xcept  part  number 
A43700000S0t  shall  be  connected  to  che 
TTIJ*205  and  che  TTU-229/B  cesc  sees  as 
shown  in  figure  3-1-  Concrol  seccings 
shall  be  as  inrlicaced  in  cable  3-1* 

3-3A*    Pare  number  A437OO0OO5O  com- 
pucer  shall  be  conneccad  to  the  TtU^20S 
and  che  TTU-229/E  tesc  sees,  and  ad&p- 
cer  box  and  cable  assembly  as  shown  in 
figure  3-2*    Concrol  seccings  shall  be 
as  indicaced  in  table  3"1»  and  che 
adapcer  box  swicch  shall  be  sec  co  3*1* 
The  adapcer  box  and  cable  assembly 
muse  be  connecced  for  all  cescs  invol* 
vlng  che  pare  number  A4370000050 
compueer  * 

3-4.  VISUAL  INSPECTION, 

3-S,  A  visual  Inspection  sMi  b«  psrformed  on  the 
computer  to  check  the  following; 

a.  No  damage  to  case,  connector,  or  fusee  shall 
be  visible* 

Shoek  mounU  shall  permit  free  moticn^ 

c*  Pressure  and  electrical  connectors  shall  be 
free  from  dirt  and  other  foreign  maUer, 

d*  Eiecti'lcal  connector  pins  shall  he  straight  and 
Inserted  to  lull  depth* 

e.  Aircraft  identification  markings  on  the  com- 
puter shall  agree  with  the  applicable  aircraft  deelg- 
Inattonf  /sioclated  with  tables  3-3  through  3^18  con- 
tained in  this  procedure, 

3-6,  TEST  ENVIRONMENT* 

3*7,.  The  testarez  ehUl  be  clean  and  tests  conducted 
at  room  temperature  and  pressure, 

i  1 

WARNING  I 


operator  should  wear  ear  plugs  urhen 
operating  TTU-'20S  tester.  Acoustical 
noise  levei  of  tester  can  Impair  hearing. 


Failure  to  release  the  pressure  relief 
valve  on  test  set  TTU'*229/E  before  re- 
moving the  carrying  case  Ud  nuy  cause 
poeslble  diotage  to  the  Ustset  ajid  injury 
to  personnel  a«  a  result  U  preMure 
dllferenttal. 

When  connecting  the  TTU-229/E  cables 
to  a  comput'sr  having  clocked  connectors, 
make  aurc  the  key  of  the  TTU-229/E 
cable  universal  connectors  la  In  the 
twelve  oxlock  position.  Extieme  mtioo 
dtouU  be  exeidied  to  wore  key  and  lay-* 
way  m  propeily  il%ned*  MlvUgmnmt 
cut  ettUy  mult  if  key  and  keyway  tie  not 
doiely  otnerved  while  connectinf. 

3-d,   PRESSURE  LEAK  TEST. 

a.  Turn  TTO-205  power  switch  ON- 

b.  Set  amtude  control  to  40,COO  feet  and 
speed  control  to  600  knots  on  the  computer  wit  s 
TTU-205, 


c,       altitude  rate  at  5000  leet  per  minute* 
NOTE 

When  performing  scep  d 
for  cype  A4370000050  ensure 
chac  ^apter  box  swlcch  Is 
sec  i*o  Bl  poslclon* 

d*  Set  the  airspeed  rate  at  100  Knot«/minut€* 
After  stabilization,  place  the  leak  test  switches  on 
the  TTU-20S  in  the  OK  position  for  a  period  of  one 
minute  During  thi«  time  the  altitude  readout  on  the 
TTU*20S  shall  not  change  by  more  than  100  feet  and 
the  airspeed  change  shall  not  exceed  two  knots. 

e.  Return  the  altitade  control  to  zero  altitude  and 
the  airspeed  control  to  SO  knots. 
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^CAeL£-P/W-<79G00J0f00 
J3  j2 


CA3L£-P/W- 
17960010090 


CAeLE-P/N-l796COf0070 


TO  POWEft 
400H2120K2 


CPU-46/A 


TTu-ao5 


TO 

li9VAC,400H2 


Figure  ?-^L  Dencb  Set-^Up 


TABtE3'l*  mrriAL  TEST  EQUIPMENT  CONTROL  SETTINGS 


TTU*205 
Pressure- Temperature  Tegt  Set 


TTTt-229/E 

Altitude  Encoding  Altitude  Transducer  Test  Set 


Controls  shall  be  set  in  thc^  following  manner : 
a*    Power  switch  -  OFF 

Ps  and  Pt  equalizers  CLOSED 

Mach  limit  -  2. 0  Mach« 
d.    Pressure  modulatlcm  frequency  -  OFF 

Pressure  modilatlon  amplitude  -  0 

t    Altitude  control  *  Ai^roximately  field 
elevation 

Altitude  rate  control     2000  ft/min 

h«    Altitude  fine  adjust  -  Center  of 
travel 


i.    Airspeed  control 


Airspeed  rate  control 
mlmite 

k.    Airspeed  fine  adjust 
travel 


100  knots 

100  knots  per 


Center  of 


Controls  shall  be  set  In  the  following  manner: 

a.  Power  switch  «  OFF 

b.  synchro  selector  -  PILOT 

c.  Lighting  switch  -  OFF 

d.  Altimeter  servo  switch  *  NORMAL 

e.  Vibrator  switch  *  ENABLE 
f*    Encoder  readout  -  NORMAL 
g*    Induced  error  *  Sero  feet 
h*    Turn  power  to  ON 

i*    Observation:  The  "Test  Set  Power'',  **Pilot*\ 
"Co-Pllot'\  and  "Computer  Operate"  indi- 
cators on  the  TTU*229/E  will  illuminate. 
Encoder  dinplay  and  synchro  display  will 
activate. 

J*  Use  the  "Synchro  Reset"  to  set  the  TTU- 
229/E  altimeter  display  to  approximately 
station  altitude. 


*rhe  differential  pressure  applied  to  the  computer  shall  not  exceed 
the  value  for  No.  2.0.  Pt  shell  always  be  greater  than  Ps. 
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TTU>tn/C 


J,    CABLE  P/H  j4 

□ 17960010100  I — 


CABLE  P/H 
17960010090 


ADAPTER  BOX  & 
CABLE  A5SZMBLV 


3^ 


tl|VAC/400Ht 


ATTACHED  CABLE 


IISVAe/«OOHt 


TTTIi 


A4370O00O50 


i 


STATIC 

PRESSURE 

ONLY 


I    Figure  3-2*    Bench  Sec  Up  for  Fare  number  A437Q000050 


3-9*    SCALE  ERROR  TEST 
NOTE 

Scale  error  tests  for  pare 
number  A4370000050  «hall  be 
performed  according  to 
paragraph  3-9A* 


a*    Sec  che  TTU-205  airepeed  and  alti- 
tude controls  CO  the  first  teec  point 
value  as  specified  for  the  appliceble 
computer  under  ceac  In  tables  V3  through 
3-14 »  coluons  1  and  2*    Before  pAch 
reading  is  caicen»  gencXy  tap  the 
InscruioenCt 
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b*  Verify  th2i  the  (rncoder  readout  display  on  tne 
TTir*22d/E  1$  witlim  100  f«et  oi  altitude  synchro  dis- 
pUy«  The  rato  of  chaii^e  of  pressures  during  testing 
shall  not  exceed  6Q0O  icet  per  minute  rhange  m  heii^t 
indication. 

c.  Record  the  "Pilot"  reading  of  the  "Synchro 
Display'*  of  the  TTU*229-  The  readin(r  shallmatch 
corresponding  rtadirp  (column  3,  tables  J-3  throuf^h 
5-U>  withui  tho  tolerance  listed  ior  uti'  appropnatc 
computc^r  (column  4,  tabMs  3*3  throucjt  3*14)* 

Record  the  llluininated  encoder  lights 
on  the  TTU-229/E*    This  series  of 
lights  shall  match  one  of  the  possible 
combinations  listed  In  colttnn  5 
tables  3-3  through  3-14» 

d,  K)sition  the  TTV'229'E  "Syncnro  Stiector**  to 
**Co-Piiot'\  Record  inc  r^aaln^  oi  tnc  "Co-PUot" 
output  which  sljall  W*  unthin  20  feet  of  the  "Pilot  * 
readings. 

Repositicn"3ynchroSctector" switch  to  "PUot'' 
position. 

f.    Set  tiie  TTU-205  airspeed  aiulaltjtude  controls 
?  ih^  next  ee>^tpouiias  specific^  ir  tables  3-3  through 
S'l4,  columns  1  and  2  arid  rfpoat  ^eps  c  and  d  until 
all  test  points  are  taken  artd  recorded  in  both  the  as* 
c4*nd^;£  and  descending  directions* 

3-9A,    SCALE  ERROR  TESTS  FOR  PART 
NUMBER  A4370000OS0. 

f  CAUTION  ] 

Do  not  select  synchro 
B-^S  when  above  3,000 
feet*    This  will  cause 
the  TT0-229/E  to  Index 
to  the  vnrong  10,000 
Indication* 

a«    Select  B-1  on  the  Adapter  Box 
and  Cable  Assembly  (P/N  18960890000), 
and  adjust  the  TTU-20S  ALTITUDE  CONTROL 
to  obtain  the  test  pressures  listed  in 
table  3-lS.    Increasing  and  decreasing 
altitudes  shall  be  brought  up  to  but 
not  exceeding  each  test  points 


NOTE 

Record  B-1  synchro  read- 
ings at  0,  1300,  3000  and 
15,000  feet*    These  readings 
will  be  used  later* 

b»    Check  scale  error  of  synchro  B-2 
and  B-7  by  adjusting  the  TTU-205 
ALTITUDE  CONTROL  to  obtain  the  test 
pressures  lifted  In  table  3-16*  The 
outiput  readings  of  synchro  B-2  and  B*7 
shall  not  differ  from  that  of  synchro 
B-1  by  more  than  +23  feet* 

NOTE 

Reading  for  synchro  B-l, 
B-2  and  B^?  can  be  ob- 
tained during  the  same 
run  by  switching  to  the 
required  synchro  outputs 
at  the  appropriate  test 
altitudes* 

c*    Check  scale  error  of  ftynchro 
B-3  by  adjusting  the  TTU-205  ALTITUDE 
COHTROL  to  obtain  the  test  pressures 
listed  In  table  3-17*    The  output  of 
synchro  B-S  shall  not  differ  from  that 
of  synchro  B-l  by  more  than  that  shown 
in  tabla  3-17* 


3-10.  ENCOnKKOIOOETEST-Thistestdetennmes  x1 
a  diode  malfunction  lias  occurred  ui  any  one  of  the 
encoder  lines  of  titc  computer  and  mav  bv  ronductt'd 
in  c^njtincHon  with  the  Encoder  Transition  Acruracy 
Tegt*"  pai-aurapli  3-lL 

NOTE 

Steps  a  through  n  shall  be 
used,  for  the  part  number 
A4370000050  when  the  adap- 
ter switch  box  and  cable 
assembly  are  In  the  line 
and  switch  is  set  to  Bl. 
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TABLE  3-2.  TRAKSITION  ALTITUDES 


Nomina  IxicTtzs^jyz 

Encoder  Readout 

Nominal  Oecr^aaing 

TTU-229/E 

TTU-229/E 

TTU-229/E 

Attitude  Indication 

Tran«itton  Altitude 

Altitude  Indication 

»0 

1000 

lOSO 

2950 

3000 

3090 

4d50 

5000 

5050 

mo 

10,000 

10, 050 

19,950 

20,000 

20, 050 

24,  950 

25,000 
50,000 

25,050 

4^,950 

50,050 

59,?50 

60,000 

60,050 

a.  Set  the  TTU*229/E  controls  to  the  positions  2m 
staled  in  tnbie  3*1. 

b.  Set  the  TTU*205  airspeed  control  to  50  knots. 

c.  Set  the  TTU*205  altitude  controluntii  the  '*£n* 
coder  Readout"  on  the  TTU<^229/E  reads  23. 200  feet, 

d.  Note  that  indicator  ti^ts  A^,  A4,  andCi  jire 
illuminated,  V 

e.  Rotate  the  "Encoder  Headout  Selectop^a witch 
to  the  "Sell  T«3t'*  position*  The  erico^  readout 
should  read  40, 000  feet, 

t  For  Bendix  comput«r«  l«av«  :he  "Encoder  Beedout 
Selector**  twitch  in  the  "S«:f  Ts^l"  po«iUoa  for  approx* 
imetelsr  one  minute  before  moving  the  switch  to  the  "DfSdt 
Tett"  position.  For  t  oll«n«n  computers  leave  the  *'En' 
coder  Readout  Selector '  switch  in  Uie  "S^lf^Test*'  position 
for  epproximttety  540  ««cond$  before  moving  the  switch 
to  the  "Diode  T^st"  poatdon, 

Z*  Rotate  the  "Encoder  Readout  Selector"  to  the 
"Diode  Test"  position*  Inalcato?  tight?  A 1,  A4,  and 
CI  should  extinguish, 

h.  Return  "Encoder  Keadcut  Selector"  switch  to 
the  "Normal"  position.  Indicator  lights  Ai,  A4.  and 
Cl  should  Itlunainate. 

L  Adjust  the  TTU-205  altitude  control  until  the 
''Encoder  Readout*' on  the  TTU-229/E  reads  49.600 
ieeu 

j.  Note  that  indicator  lights  D4,  A3,  Bi,  62,  B4. 
C2r  and  C4  illtiminate. 

k*  Rotate  the  "Encoder  Readout  Selector"  switch 
to  the  "S6if  Test"  position^  The  encoder  readout 
ihouH  i*ead  40, 000  feet* 

1.  Leave  the  "Encoder  Readout  Selector"  switch 
in  the  "S6lf  Test"  position  for  approximately  one 
minute  before  moving  the  switch  to  the  "Diode  Test" 
po«ltlon. 

Rotate  "Encoder  Re;?dout  Selector"  switch  (o 
the  "Diode  Test"  position,  idicator  li^ts  D4,  A^, 
Bit  Bz,  B4,  C2,  and  C4  should  e,xtini;uish. 

n.  Rotate  the  "Encoder  Readout  Selector"  switch 
to  the  "Normal"  position.  Indicator  ii^'hts  D4,  Aj. 
Bx,  Bj,  B4,  C2t  and  C4  should  illuminate,  ^ -^'^ 


3-11,  ENCODER  TRANSITION  ACCURACY  TEST, 
This  test  may  be  conducted  in  conjunction  with  the 
scale  error  test.  Paragraph  3''9, 

NOTE 

Encoder  transition  accu- 
racy test  for  the 
A437OO000S0  shall  be  per- 
formed according  to 
paragraph  S-^llA. 


a*  Set  the  TTU*205  atrspeed  control  to  50  icno 
and  the  altitude  control  to  zero. 

Adjust  TTU-^OS  altitude  control  to  apply  in* 
creasing  and  decreasing  altitudes  to  the  traniUioii 
altitudes  listed  m  table  3*2, 

c.  The  rate  o(  altitude  change  shall  be  the  slowest 
rate  attainable  on  the  TTU-205  as  the  transition  aitl* 
tude  is  approached. 

d.  At  the  moment  of  transition,  which  is  denoted 
by  illumination  of  the  lOOO^foot  indicator  light  and  a 
short -p duration  tone  from  theheadiset,  the  altimeter 
indication  on  the  TTU*229/E  shall  indicate  within  50 
feet  of  the  nominal  Indication  specified  In  table  3^*2, 

3-llA,     ENCODER  TRANSITION  ACCURACY 
TEST  FOR  PART  NUMBER  A43700O0O50, 
This  test  may  be  conducted  in  ^.onjunc- 
tion  with  tb&  scale  error  test, 
paragraph  3-9A« 

a.    Select  synchro  6-1  and  adjust 
the  TTU-205  ALTITUDE  CONTROL  to  zero, 
the  static  pressure  should  then  be  run 
slowly  through  the  transition  values 
listed  In  table  3^2.    The  output  at 
transition  shall  be  within  the  values 
listed  in  table  3-2, 
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3-llB.    POSITION  ERROR  FOR  PART  HUMBER 
AA370000050. 

a*    Check  poalLloD  error  of  type 
A43700O005O  computer  by  rotating  the 
computer  90  degrees  about  its  Dormal 
QOunting  posltiou  iu  each  of  the  four 
axes*    At  the  test  points  iu  table  3-18« 
The  position  error  must  not  exceed  the 
values  Ustad  in  table  3-18*  See 
figure  3-3  for  orientation* 

3-12*    FAILtJRE  WARNIKG  CIRCUIT  TEST* 

,a*    Sst  the  TTU-229/E  controls  to 
the  positions  as  stated  in  table  3*^1* 

b*  Sen  the  TIU-205  altitude  control 
to  2sro  altitude* 

NOTE 

The  altitude  readout  m 
the  TIU-229/E  may  drift 
during  this  test^  but 
this  drift  should  not 
be  considered  a  fault* 
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c*    Momentarily  position  the  TTU'229/E 
"Failure  Warning"  switch  to  "Failure 
Warning"  position*    The  "Failure  Warning" 
panel  indicator  should  illuminate  and 
the  "Computer  Operate"  indicator  should 
extinguish*    This  will  assure  that  the 
computer  failure  warning  circuitry  is 
operating  properly* 

d*    Set  TTU-205  aXtictide  control  to 
station  pressure  altitude* 

3-13*    TEST  SETS  TTU-205  AHD  TTU-229/E 
SHUTDOWN  PROCEDURES* 

3-X4*  TEST  SET  TTU-205  SHUTDOWN*  This 
procedure  shall  be  used  whenever  one  of 
the  following  conditions  occurs: 

a*    Any  pneumatic  connection  is  to  be 
changed* 

b*    Prior  to  switching  OFF  on  comple- 
tion of  tests* 

c*  Immediately  following  an  interrupt 
tion  of  power. 
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tmmt'diatt'Jy  foMowintC^in  abnorm&t  pressure 
condition  ^  indicated  by  any  of  ihc  three  red  lanips. 

e.  The  test  set  TTU**05  sh^U  be  shuttiown  as 
follows: 

U    Rotate  AIR5t>E£D  iTontrol  fuUy  roumcrclciik- 
wtse  (50  knofjtK 

tc.   Rotate  ALTITUDE  control  io  local  junbicnt 

4ltllUd('. 

Check  PRESSliREMODULATIONcontrolsOFF, 
i-e.,  FREQUENCY  cokUmE  OFF,  AMPl.ITVDE  con- 
trol lo  0  AUow  pressure  to  stabilize  until  counters 
steady. 

K  Opon  (counterclockwise)  the  ?9  EQUALIZER 
af)<l  Pt  EQUALIZE!?  rontrots.  Allow  pressure  to  run 
down  and  stabiltze  at  ainblent  as  indicated  by  the 
counters, 

J.    Switrh  POWER  OFF- 

3  15,  TEST  SET  TTU-229/E, 

2.  Secure  the  test  set  by  seU:n|:  the  switches  and 
t  cnirols  to  the  positions  given  m  table  3-1, 

NOTE 

When  referring  to  Column  (5)  of  Tables  3-3  through  3-14  the 
computer  should  indicate  one  of  the  alpha-numeric  code  out- 
puts, not  all  of  them. 

TABLE  3-3*   SCALE  ERROB  TOLlTRANCrS,  TYPE  NO-  CPU-46A/A-1,  CPU-46/A-1 


1 

i 

Aircraft 
F-lOtB,  F-tOtF 

!            TTU-205  Input 

TTU-229/E  Output 

(2) 

t3) 

(4) 

(5) 

i  Indicated 
1  SfTeed 
\  (Knots) 

Indicated 
Pressure 
AltUude 

Calibrated 
Pressure 
Aintude 
(Ft) 

Total 
Tolerance 
{Ft  1) 

Code 
Outputs 

\ — 

11 

i> 

j» 

03  n4Ci  c« 

tr2 

49 

01  B4CaC4 
Si  04  Cl 
Bl  04  Cl  Cl 

■ts* 

0 

A« 

Bl  B4  Cl  C4 
Bl  £«Cl  Cl 

tf7 

sw 

49 

Bl  ClC3 
S1C3 

BaciC4 

100<1 

49 

01  &tcac4 

Bl  Cl 

Bj    rj  Cl 

40 

Bl  C|  Cj 

Bl  ca 

Bl  Cl  C4 

40 

S}  Cj  Ci 

A*  3a  Cl 

A4  81  C|  C3 

sz 

A4B1C1C4 

A4  Bl  Cl  Cj 

b,  Dlsconneri  hoses  and  cables  from  theconiputer 
und  thetests«4t5  and  return  to  stowaf^c  unless  required 
(or  further  operation, 

3-16,  OEFINmDNS, 

a.  Pressure  Attitude  ^  Altitude  in  a  standard 
atmosphere  correspondinvc  to  a  given  atmospheric 
pressure  actually  encountered, 

b«  Indicated  Static  Pn*sdure  (PsO  -  Actualst&tic 
presfture  ftensed  by  attinieter  aneroids. 

c,  Indicated  Pressure  Altitude  (Hi}  -  That  attl- 
ttide  dtitplayed  by  a  standard  barometric  altimeter* 
I.e.  ^  het^t  nuovc  standard  sea  level  pressure  (29, 92 
inches  of  mercury). 

d,  Corrected  Pressure  Altitude  (He)  -  Same  as 
indicated  pressure  aititude  except  a  predetermined 
corrertion  is  applied  by  the  computer  to  correct  for 
.static  prt'Ssuro  error, 

e,  Staiif  Pressure  Error  (Psl-Ps)  -  Thai  error 
resuUing  from  design  and  location  of  pressure  picioip 
in  conjunction  with  the  speed  of  the  aircraft* 


3-4    Change  6 


/3c/ 

XAVAm  05-30-&7 

TABLE  3-3.  SCALE  ERROR  TOLERANCES,  TYPE  NO,  CPU-46A/A-1*  CPi;-46/A-l  (Cent) 


Aircraft 

101 F 

*TTU-205  Input 

TTU-229/F  Output 

(1) 

Indicated 

(2) 

Calibrated 

Pressure 

Pressure 

1  Oial 

Attitude 

Altitude 

Tolerance 

Code 

(Knois) 

(Ft) 

(Ft) 

iFt  =) 

Outputs 

1 

1 

A4  Bj  Cj  C4 
A4B2  C7 
A4  b2  C'l  C2 

i 

1            A|  B2  Cz  C4 
A4  B2  C; 
A4  32  Ci  C2 

-  ^             -  -  .   

1           A2  A4  3|  Ca 

;       A2  A4  B4  a 

97  I 

!  >i 

A2      B)  34  C4 
1            Aa  A4  Bi  B4  Cj 
,  A2A4StB4CiC2 

-119 

1 

1 

;       A^  A4  B|  B4  C4 

Aj  A4  B|  ^4 
AZ^BiEaCiCz 
■    ■ 

St 

Al  A;  Aki  Bi  B2  64  C4 
Aj  A^  A4  Si  Bj  B4  Cj 
Al  A2  A4  Bi  Bj  B4  Ci  Cz 

145 

A|  B4  0 
Al  B4  C4  C2 
Al  B4  Cz 
Aj  ft4Ci  C2 
Al  &4  Ci 

J^,O0O 

D4  Al  Bi^t 
D4  Aj  A4  Bi  C4 
D4  Al  A4  Bi  C4  Cz 
D4  Al  A4  Bi  C2 
D4  Al  A4B1C1  C2 

U4  A|  A4  Si  ^1 

D4  Al  A4  Bi  B4  Ct 

131 

34,357 

35,000 

1^ 

Al  A4  &i  C4  C2 
Oi  Al  A4  Bt  Cz 
Oa  At  A4  Bt  Ci  C2 

59.S59 

40,000 

144 

D4  Al  A2  A4  B2  B4C1 
D4  Al  Aj  A4  B^  B4  C4  Cz 
0|  Al  Aj  A4      B4  Ci 
D|  Al  Aj  A4  Bj  B4Ct  C2 
Oi  Al  Aj  A4  Bj  B4  Ct 

o.A-B.a.a.c. 

4  2  1  4  4  4 

! 

*  1 
1 
1 
\ 
J 

1 

jO.OOO 

ZU 

151 

hO.OOO 

O4  3i  B^  C4 
D4  Bi  B2  B4  C4 
D4  '^l      B4  C2  C4 
I>4  ei      B4  Ca 
O4O1  Bz  &|  CiCj 
O4  D]  Bz  B4 
Ol  Bj  B2  Ci 

Note:   Tests  should  be  run  upscale  and  downscalo. 
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Change  6  3-5 


TABLE  3-4*  SCALE  SRHOR  TOLERANCES,  TYPE        CPU-46A/A-3,  CPU*46/A-3 


n 


1  Aircrait 

(            TTU-205  toput 

TTU-229/E  Output 

i      (1)        i           *  3) 

i                 [  Indicatea 
1  3to(Ucated    1  Pressure 

}    (Kaota)      1  (Ft) 

(3) 

Calibrated 
Pressure 
Altitude 
(Ft) 

(4) 

Total 
Tolerance 
{Ft  ±) 

(5) 

Code 
Outputs 

 ^  

:       50       \  -12 

1 

q 

36 

B2  B4  C2  C4 
B2  B4  C2 
B2  B4  CI  C2 

351       i  -46 

0 

36 

B2  B4  C2  C4 
B2  B4  C2 
B2  d4  CI  C2 

197       \  457 

i 

j 

500 

36 

B2  CI  C2 
B2  C2 
B2  C2  C4 

!  957 

\ 
\ 
1 

f 

1000 

36 

Bl  B2  C2  C4 
Bl  B2  C2 

IH      0'>     f^t  Z^*^ 

Bl        CI  C2 

130       !              24  S7 

2500 

36 

Bl  CI  C2 
Bl  C2 

fil  C2  fd 

iii*     j  49S8 

5000 

36 

A4  B2  C2  C4 
A4  B2  C2 
A4  B2  CI  C2 

I             v**  W-w 

.  242 

4953 

5000 

36 

A4  B2  C2  C4 
A4  B2  C2 
Ad  n?  n  C7 

0^    wJ.  KfA 

505 

4956 

5000 

36 

A4  B2  C2  C4 
A4  B2  C2 

A  A             /'I  1 

A4  bz  CI  C<f  J 

365 

4961 

5000 

36 

A4  B2  C2  C4 

A4  B2  C2  1 

A4  B2  CI  C2 

;  290 

7457 

7500 

36 

A2  A4  B4  CI  C2 
A2  A4  B4  C2 
A2  A4  B4  C4 

221 

i  ' 

9954 

10000 

36 

A2  A4  Bl  B4  C2  C4 
A2  A4  Bl  84  C2 
A2  A4  Bl  B4  CI  C2 

449 

9984 

10000 

38 

A2  A4  Bl  B4  C2  C4  : 
A2  A4  Bl  B4  C2 
A2  A4  Bl  B4  CI  C2 

275 

; 

19965 

20000 

71 

Al  A2  A4  Bl  B2  B4 
C2  C4 

Al  A2  A4  Bl  B2  84 
C2 

Al  A2  A4  Bl  B2  B4 
CI  C2 

N«t* :  Teats  ahould  be  run  upscale  and  downscale. 

3-6      Change  8 


19  05 


T,0,  575-4-13-22 
NAVAIR  05-30-97 


TABliE  3-4.   SCALE  ERROR  TOLERANCES,  TYPE  NO,  CPU-46A/A-3,  CPU-46/A-3  (Cont) 


Aircraft 
T-38,  F-5B 

TTU-205  Input 

TTU-229/E  Output 

(1) 

{2) 

(3) 

(4) 

(5) 

Indicated 
S^eed 
(Knots) 

Indicated 
Pressure 
Altitude 
(Ft) 

Calibrated 
Pressure 
Altitude 
(Ft) 

Total 
Tolerance 
(Ft  i) 

Code 
Ou  touts 

A  304 

29986 

30000 

108 

Al  B4  C2  C4 
Al  B4  C2 
Al  B4  CI  C2 

386 

3S469 

35000 

174 

D4  Al  A4  Bl  C4 
D4  Al  A4  Bl  C4  C2 
D4  Al  A4  Bl  C2 
D4  Al  A4  Bl  CI  C2 
D4  Al  A4  Bl  CI 

(  298 

1 

40068 

40000 

150 

D4  Al  A2  A4  B2  B4  C4 
D4  Al  A2  A4  -B2  B4  C4 
02 

i 

I 

D4  Al  A2  A4  B2  B4  C2 
D4  Al  A2  A4  B2  B4  CI 

D4  Al  A2  A4  B2  B4  CI 

20S 

& 

50000 

50000 

180 

D4  A2  Bl  B4  C4 
D4  A2B1  B4  C2  C4 
D4  A2  Bl  B4  C2 
D4  A2  Bl  B4  CI  C2 
D4  A2  Bl  B4  CI 

no 

59969 

60000 

211 

D4  Bl  B2  B4  C4 
D4  Bl  B2  B4  C2  C4 
D4  Bl  B2  B4  C2 
n4  Bl  B2  B4  CI  C2 
U4  Bl  B2  B4  CI 

:   Tests  should  be  run  upscale  and  downscale. 
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Change  7     3-6A/C3-6B  Blank) 


BENCH  CHECK  OF  AAU-19/A  ALTIMETER 

1*      Perform  a  visual  inspeccion  of  che  AAU-19/A  alcimecer  lAW  para 
4-a  of  TO  axcracc  5F3-3-15-22. 


Visual  Inspeccion  -  Satisfactory 


Unsatisfactory 


2,      Check  figure  4-1  of  TO  extract  to  make  sure  the  equipment  is 
connected  electrically  according  to  the  diagram* 


extract. 
4. 

extracts 
5, 
6. 
7. 
8. 


Set  the  TTU-229/E  controls  according  to  table  4-1  of  TO 

Set  the  TTU-205C/E  controls  according  to  table  4-2  of  TO 

Read  and  follow  Instructions  In  para  4-20  of  TO  extract. 
Read  and  follow  instructions  in  para  4-21  of  TO  extract. 
Read  and  follow  instructions  in  para  4-22  of  TO  extract. 
Read  and  follow  instructions  in  para  4-23  of  TO  extract « 
a.  Perform  Leak  Check  lAW  para  4*23  of  TO  extract, 
b*      Leak  Check  -  Satisfactory  *  Unsatisfactory  


-9* 
extract. 


Perform  standby  mode  zero  feat  check  lAW  para  4-24  of  TO 


a*      Standby,  Zero  Feet  Check  -  Satisfactory 


Unsatisfactory 


10.      Perform  reset  mode  zero  f^^t  check  lAW  para  4-25  cf  TO  extract, 
a.      Reset  Zero  Feet  Check  -  Satisfactory   


Unsatisfactory 


11. 
table  4-3 


Perform  standby  functional  check  of  altimeter  lAW  para  4-38  and 
of  TO  extract. 

a*      Standby  Functional  Check  -  Satisfactory   


12. 
and  table 


Unsatisfactory 

Perform  reset  functional  check  of  altimeter  lAW  para  4-38 
4-3  of  TO  extract* 

a.      Reset  Functional  Check  -  Satisfactory   


Unsatisfactory 


4 


13.  Perform  electrical  tests  lAW  instructions  in  para  4-40  of  TO 
extract* 

Note:    Read  Caution* 

a.      Electrical  Tests  -  Satisfactory   


Unsatisfactory 


14.      Perform  AC  power  loss  lAW  para  4-42a*  and  d  of  TO 

extract* 

a.      AC  Power  Loss  -  Satisfactory   


Unsatisfactory 


15.      Perform  staps  in  para  4-43  of  TO  extract, 
a.      Satisfactory  .  Unsatisfactory 


16.      Perform  failure  detection  test  lAW  para  4-45  of  TO  extract, 

a.      Failure  Detection  Test  -  Satisfactory   

Unsatisfactory   


17.  Perform  altitude  deviation  test  lAW  para  4-47  of  TO  extract, 
a.      Satisfactory  .  Unsatisfactory 

18.  Perform  lighting  test  lAW  para  4-49  of  TO  extract. 

a.      Satisfactory  .    Unsatisfactory  * 

19*  Perform  combined  scale  error  and  friction  tests  lAW  para  4-51 
and  4-52  and  table  4-5  of  TO  e;ctract. 

Mote:    Read  NOTE. 

a       Satisfactory  •    Unsatisfactory  * 


20.  Perform  test  set  shutdown  procedures  lAW  para  4-55  of 
TO  extract. 


a. 


21*      Perform  test  shutdown  procedures  XAW  para  4-56  of  TO  extractn 


a. 


22*      Secure  test  equipment  lAW  para  4-57  of  TO  extract. 


a. 
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TO.  5F3-3a5  22 
NAVAJR  05^0-95 


SECTION  IV 
CHECK  LIST  ELEMENTS 


4^1.  nELD  (LVTERMEDIATE^  RE0UIREMSNT3. 

4^2.  TEST  SETS.  Tht  TTU-229/E  and  TTU-20SB/E  t«t 
jpeci^cd  in  pxng^pb  2>3«  c*n  be     up  vid  operated  cn  a  minimum 
of  bench  space  hy  one  man. 

4*3*  SKILL  LEVEL.  The  skill  level  and  title  recommended  to 
perform  the  hentU  che«k  of  the  altimeter  b: 

Air  Foree  -  AFSC  42250/32551  Iiutmment  Repairman, 

Navy '  Avu::on  Electriebn  Mate*  Code  ^VX^  7105. 

44.  POWER,  Tht  power  requirement*  for  eueh  test  set  are  1  IS  V«c 
^  S  Vac,  single  phas*"*  400  Hz  1 20  amperes  maximum, 

4^5.  TEST  ENVIRONMENT, 

4»6.  lite  te^  area  should  he  clean  and  provide  ready  aece»  to 
nece^ry  power  sources  and  test  equipment.  The  tests  ate  to  be 
eondueted  under  room  ambient  conditions. 

4*7.  Only  common  hand  toob  ate  required  in  addition  to  the  test 
«;quipmeAt  speeifred  in  pira^apb  2^, 

NOTE 

Any  altimeter  that  fails  to  meet  either  the  minimum 
performance  or  visual  inspection  requirements,  specified 
herein,  shall  be  eonsidered  unacceptable.  No  repair  is 
authorized  at  Field  ^Intermediate)  IcveL 

4^.  VTSTlAr  iNjiPrrCTOW. 

4-9*  Before  conneeting  to  the  test  set**  the  altimeter  shall  be 
inspected  for  the  following. 

a,  Dama^  to  altimeter  case*  barometric  scale  zero  setting  knob« 
Control  switch  I  or  cbctrical  connector, 

b,  Di^orted  or  corroded  pin*  in  electrical  connector, 

c*  Foreign  material  in  electrical  eonnector  or  static  port, 

d.  Defective  or  missing  filter  screen.. 

&  Cr^eked  bezel, 

L  Abraaion  marka  on  lens* 

4.10*  TKSTj^FTPRFPARATFnN 

Failure  to  reltfase  the  pressure  relief  valve  on  Test  Set 
TTU'^229/E  before  removing  the-carryirtg  case  lid  may 
eouse  possible  damage  to  the  Test  Set  and  injury  to 
personnel  as  a  re»ult  of  pressure  differential.  Operator 
should  wear  ear  ptup  when  operating  Test  Set 
TTU-205D/E*  A^^oustical  noise  level  of  *et  can  impair 
hearing. 


NOTE 

Test  Seta  TTU-229/E  and  TTU-205B/E  have  the  capability 
to  test  a  maximum  of  two  altimeters  simultaneously, 

4-11,  TEST  SET  TTU-205B/E,  Tlie  accessories  stowed  vithin  th^ 
carrying  case  Ud  of  the  test  set«  vtstd  for  bench  eheck  of  tf 
altimeteri  are  one  (l)each: 

a*  Fitting,  part  number  MS33657-E*6* 

b,      hose  assembly,  part  number  AN6270'6-3«, 

e.  Power  ctble  assembly*  part  number  610722-K 
manufactured  by  Garret  Corporation  (7259^)* 

CAUTION 

Ensure  that  the  POWER  switch  of  the  test  set  it  in  the 
OFF  position  before  u>nnect*Ag  tccetonea, 

4-12,  Make  the  foUowingconnectionB,  (See fi|ure4-K> 

a.  Attach  fitting  to  the  static  port  of  altimeter  undergoing 

test, 

b.  Connect  ho«e  aasembly  to  teat  set  and  altimeter 
underling  test, 

c  Connect  power  cable  a««embty  to  test  then  to  %  lal 
power  source..  (See  ptra^aph  44..) 

Before  making  any  connection  changes  to  the  tevt  set  ivith 
power  on«set  paragr*p^^3  througli 4-56. 

NOTE 

Blanking  plug»  must  remain  on  all  test  set  connectors  not 
being  used  during  bench  eheek  of  altimeter, 

4't3,  TEST  SET  TTU^229/E,  Before  unlatching  the  carrying  ca«e 
tid  of  the  test  set,  pres«  red  button  on  side  of  ca*e  to  rdeaae  pressure 
relief  valve, 

4*14,  llie  accesaories  stowed  within  the  carrying  caae  lid  of  the  test 
set,  uaed  for  bench  check  of  the  altimeter,  are  one  <l)eich£ 

a.  Cable  assembly,  part  number  17960010110,  manufactured 
by  Kollsman  Instrument  (^»porarion  ($9^44), 

b.  Power  cable  9$aemh]'f,  part  number  17960010070. 
manufactured  by  Kollsman  Instrument  Corporation  ($9944), 

NOTE 

Ensure  that  the  POWER  switch  of  the  test  set  is  in  tht; 
OFF  position  before  connecting  accessories. 
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4-1 


NAVAIR  05*30-95 


CAUTION: 

USB  FtTTlNQ 
MS336576 


-  TeSTSST 
r  TT'J  229/e 


TO  POWER  • 
116  VOLTS,  400  HZ 


AAU'19/A 
AAU'19A/A 
NO.  1 


AAU-T9A/A 
NO.  2 


TEST  SET 

TTU-206B/E 

OR  EQUIVALENT 


—INTSRCONNECTtNQ 
HOSE  AND  FtTTlNQ 
TO  B£  LOCALLY 
MANUFACTUnSD 


\TEE  FirriNQ 


'610722-1 


T0P0W5R 

115  VOLTS,  400  HZ 


RgMi«4  1.  Type  AAU-19M*  AAU-IVA/A  Held  (Intermediate)  Mai/itenance 
(Bench  Ch<ck)T«3t  Set  Up 


4-15.  Ma«(e  the  following  go nneedoid.  (See  figure  4^L)  externd  power  source.  (See  para^ph  4-4>) 

a.  Connect  cable  wsembly       to  electrical  connector  of         4-16.  TEST  SET  SWITCH  AND  CONTROI,  SETTINGS. 
altimeter  undergoing  te«t  aad  rt^pfUcle  }<t  of  te«t  set 

4^1"  TXST  SET  TnJ-229/E.  Set  !he  switches  and  controtd  on  tits 

b.  Connect  power  cjble  asaembly     to     of  test  Mt  then  to         pa ncUo  tfte  $ett in ^  specified  in  Ublc4-L 


4-2 


T.O,  5F3.3.J5'22 


T«bfe4'l.  TTU-229/E Control S^ttin^ 


TTU'229/E 

swrrcn'cortTROL 

SETONG 

POWER 

OFF 

INDUCED  EKROR 

2EK0 

SYNCHRO  SELECTOR 

ALUMETERS 

SYNCHRO  RESET 

NORMAL 

uonnm 

OFF 

SERVO 

NORMAL 

VIBRATOR 

DISABLE 

COMPUTER 

NORMAL 

ENCODER  SELECTOR 

OFF 

ENCODEaLMtPTEST 

NORMAL 

4-18.  TEST  SET  TTU-2056/E*  $et  the  switches  tndconuoU  on  Che 
fMnel  to  the  9«ttinp  «pedfied  in  tible  4^2* 


TaBk4-2,  rni'205a/E  Control  Seniiks* 


TTU  205H/E 

SWlTCHrcONTROL 

SETnNG 

1  PO^XR 

OFF 

Ps^PtKQUAUZERS 

CLOSED 

\      MACH  UMIT 

0*95 

1      PRESSURE  MODULATION! 

FREQUENCY 

OFF 

1  AMPLITUDE 

0 

1      ALTITUDE  CONTROL 

ZERO  FEET  (APPROX,) 

ALTITUDE  RAIE 

30  <M«x  CW> 

1      ALHTUDE  FINE  ADJUST 

CENTER  OFTRAVEL 

1      AIRSPEED  CONTROL 

«0  KNOTS  <P^CCW> 

AIRSPEED  HATE 

360  KKOTS 

1      AIRSPEED  FINE  ADJUST 

CENTER  OFTRAVEi- 

4<19.  TURN    on    AND    PRELIMINARY  TEST/SETHNC 

iNSTRumowj;, 


4-20.  TEST  SET  TrU'229/E  TURN  ON,  Set  POWERtwitch  to  ON 
portion  uid  VIBRATOR  twitch  to  ENABLE  poation.  The  TEST 
SET.  PILOT.  CO-PILOT  bmp*  «h*U  ilhimiftite. 

^21  TEST  SET  TrU*205B^  TURN  ON,  Set  POWER  «witch  to 
ON  position. 

4-22.  Adjiut  iltimcter  b«rometrtcsodeiero^ttiitgknob  to  indicate 
t  feiding  of  29.92  inche*  of  mercury  on  the  hZxyraetric  readout 
counter, 

NOTE 

Adjuatment  of  barometric  acakt  Mto  aetting  knob  tot  teat 
purpoaea  ahail  alwaya  be  made  by  approaching  tft«  aetting 
in  an  increaaing  direction.  Rotate  the  kn.  >  in  acbvkwue 
direction  until  the  dcaired  btrutnetric  counter  readout  ii 
indicated.  When  neceaaary,  the  knob  ahall  Hrat  ht  rotated 
in  a  countcfclockwiie  direction  until  the  counter 
indicabon  ia  lower  than  the  required  aeCting. 

The  time  delaya  of  the  control  switch  operation  on  the 
Aeroaor^c  tOldO*^  ind  BendiK  32$200]4t0i  altimeter* 
differ  k^'^.  The  KoUsman  A4U2210002  and 
A4U2210003  altimeter  u  foUowa: 

With  electrical  vnd  pneumatic  inputa  eonnected  to  the 
altimetera,  «U  nf  the  altimeters  can  be  energised  by 
rotating  the  contrd  awitch  to  the  RESET  position.  The 
STBV  flag  will  be  concealed  and  the  vibrator  will  ceaae  to 


operate  almoat  instantly.  The  altimeter  cut  then  be 
de<ncrg^ed  by  rotating  the  control  awitch  to  the  STB^ 
position.  On  the  Aerovonit-  10 180- A  and  Bent 
3?42001<0l0l  altimetm,  the  STBV  Hag  mU  return  to 
view  and  the  vibrator  will  operate  within  one-half  iecond* 
The  Koltaman  A4t322lO002  and  A4U2210003  altimeten 
differ  in  that  the  tHutn  of  the  flag  and  the  vibrator 
operation  take  two  to  three  aeconda;  therefore,  th&  contnt 
switch  nuiat  be  held  in  the  position  for  a  loitg^ 
time.  All  altinetefa  rhotdd  be  conaidered  acceptable  even 
though  they  ftif  f«r  in  thia  t^pect, 

4-21  LEAKIEST.  Set  the  ALHTUDE  SLEW  RATE  control  to  I 
5,000  feet  p«r  minute.  Set  Test  Set  TTU*205B/£  to  approxtmitely 
40,000  feet  altitude.  Hold  LEAK  TEST  switch  on  Test  Set  TTU- 
206B/E  In  ON  position.       leak  late  observed  on  the  altimeter 
shall  bot  exceed  100  feet  duiing  t  one^minute  inteivaL  Relets 
LEAK  TEST  switch  and  letutn  Test  Set  TTU^206B/E  to  zero 
altitude. 

NOTE 

The  **Altitude  Rate"*  control  should  be  set  to  5,000 
feet  per  minute  prior  to  setting  the  '^altitude  control** 
to  40.000  feet 

4*24.  Set  ALTITUDB  control  switch  on  Test  Set  TTU*205B/£  to 
lero  feet  altitude.  Adjust  alti'.ude  fine  adjust  fa:  2eto  indication 
on  the  altitude  counter.  Set  the  ALTlTUDr  SLEW  RATE  ccnuol 
to  5000  feet  per  minute.  The  altimeter  AaUinxticate  zero  145  feet 
The  STBYftiig  shall  be  visible  on  dill  face.  ' 

NOTE 

For  accurate  altitude  adjustments  on  the  TJV*205Blt 
Tester*  utilize  the  ^'altitude  fine  adjust*"  control  knob. 

4-2S.  RotatttheSVNCHRO  EtESCTawitchonTeatSetTTL  ..9/E 
until  SVrfCHRO  DISPLAY  tndicatea  a  reading  of  uro  feet  Set  the 
altimeter  RESET-STRy  control  amtch  to  the  RESET  fwaitiocL  The 
S13V  Hag  ahall  not  be  visible  on  faee  of  diat  The  aJtiotel«r  ahaU 
indicate  zero  1 3^  feet, 

NOTE 

Dunng  alewing  operation  of  the  SYNCHRO  DISPLAY  on 
Teat  Set  TTU^22$/E«  both  the  PILOT  and  COPILOT 
panel  lamp*  cKtinfuuh  and  the  altimeter  remta  to  the 
atandby  mode  of  operation^ 

4-36.  BAROMETRIC  AND  RIJCTRICAL  7FPO  SF/mWr,. 

4^27.  If  $cale  errots  in  the  pneumatic  and/ot  electrical  modes  of 
operation  exceed  the  allowable  tolerances  fot  paragraphs  4-24, 
4-25  or  4-50,  a  torometiic  and/ot  electrical  zero  setting  opetation 
isrequUed.  Tboxerosetlockingmethodaforeachtypeofalti- 
meiet  difrersignificantly;therefore,a  separate  proceduio  la  pro- 
vided fot  each  manufacturer's  instrument  within  type  classiflcaiton' 

4-28,  AAU*)9/A  ALTIMETER,  AEROSONIC  lOldO-A.  P^orm 
barometric  and  dectricai  ttto  aetting  and  verification  operationa  in 
accofdance  with  the  following  proeedurea,  <See  figure  4-2.) 

4-29.  BAROMETRIC  ZERO  SETTING  (PNEUHAHCHODE). 

a*  Set  altimeter  RESET'STBY  levct  to  STBY  poaition, 

b.  S^t  Teat  Set  TTU^205B/E  to  an  altitude  of  tero  feet. 

c.  With  the  knob  (3)  in  tl^  center  (normal)  po<jtton«  rotate 
knob  to  set  altimeter  pointer  to  zero  feet  indicitmn. 

d.  Looaen,  but  do  not  remove«  barometric  9cal<  ;t 
adjuatment  locking  aerew  (4)u  liocking  plate  (5)  shall  be  loose  «nd 
free  from  shaft  engagement. 

e.  Withdraw  knob  (3)  to  its  extended  poeition  and  rotate  untif 
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ZcfiO  5£TTrjlC  KM06 


^WT«;  USE  BRISTOL  SPLiMt  SOCKET  KEYS  5*0*8  -» 
.6  SHAFT  MOLE 


1      '4   cAftCMETarC  SCALE 
;  OR^fT  AUJUSTmEMT  LOCJ^JWO  SCREW 

5    LOC;tWC  P(.AT£ 


Fi^jf^f  4-2.  E»rtimclric  and  D«ctrlcal  Zero  Reset 
^^i^ntiontc  Type  AAV-WA) 

MtiU'W*  b^roineEric  r^atlout  counter  Is  reset  to  29.92  mvhcs  of 
^(i<:r<;u'*  irtd  poidtCT  indtcate:(^o  tett  altitude. 

*   l\>  *prrtfy  z^TiMiic*  fetum  knob  (3)  to  the  center  po^siiiortp 
}>o((»icr  jhail  indicate  );prt>  +  5  feet.  If  the  pointer  dot^  not 
'^(n'hratr  zero  f/;et  tvithtn  the  apeciiied  toterancc  fep^at  «tep  c. 

J.  Lt>4>jeii  $tt3Ctewji  0)^nd  <2)  on  knob  (3>until  knob^rsm  be 
inovtrt)  out  un  fhait.  Move  out  knob  until  hole  (6)  on  shaft  i9  \i$fble. 
Ti^Jiti^n  inner  ictscrcw^  (1), 

b,  bet  RESET  STBV  control  switch  to  RESET  position. 

\\  Ptiiii  knob  (3}  111  and  rotate  until  altimeter  p<7inter  indicAtea 
/rrv  *  3fi^'l, 

tn  tht*  went  that  pow^r  oil  M'^t;  mor  data  indicates  that 
mnre  aeruraey  ran  obtained  by  offsetting  the  elcetrical 
^ttin^t  the  pototrr  shall  be  adjusted  lo  the  dedred  offset 
Ki^trad  of  ^ero  fi^et, 

d.  Rrturn  knob  (3)  to  tvntcr  poatttOD* 

ir*  5**t  Tr.^t  Set  TT{}-20$B/E  aUtlude  control  Lo  zero  feet. 
V^  flfy  ifToinji  by  moving  ltE5ET*STBY  control  switch  firtt  to  STBY 
Ihtn  lf>  HF^jET.  TTic  potnler  shall  continue  to  indicate  tero  1 5  feet 
in  rither  poinition.  If  not.,  re{>eat  steps  a,  thrnug^  e«  xs  required, 

Vthtrrt  ^Erroinv  and  venftcation  pri>cedure»  hav^  t>ern 
coinph*trd,  pnsition  lt>ckin(£  ptate  <5)  i^i  pbce  and  tighten  1n.:kin^ 
serew  ^     l^ou^n  set^cniw  (I)  and  move  knob  (3^  in  until  liote  (6) 


on  ^^fwft  13  no  longer  visible.  Be  certain  srtscrew  (J )  is  located  in  hole 
(6)  on  shaft*  Seticrew  )  should  be  rcecsted  more  than  s^tscrcw  (2> 
when  properly  located  in  hole* 

^  Set  RESET-$TBY  control  switch  lo  STBY  position, 

4-31.  AAU*I9/A  ALTIMETER,  KOLL$MA^  A4I322I0002. 
\4132210003.  Perform  b»ometne  and  dcetrical  tcfo  setting  and 
vrnfieatinn  o;jerations  in  ceeordance  with  the  following  proc«;dure». 
(See  figure  44,) 


LOCKING  PIN 
5- 


BAROMETRIC  SCALE 
DRIFT  ADJUSTMENT 
LOCKING  SCREW 


BAROMETItIC  SCALE 
ZEROSETTIiaG  KNOB 


SET  SCREWS 

NOTEf  USE  BRISTOL  SP!tfieS0CK£TKEYS&4MS4 


Fi«Mfe4'3.  Barometrie  and  Eiectrieal  Zero  Reset 
{Ko:tsin^  Type  AAU-i  9yA) 


4-32.  RAROMETPJC  ZERO  SElTlfJG  (PNEUMATIC  MODE). 

a,  Attimeler  Rctei-STBV  Control  Switch  to  STBV 
position^ 

b.  Set  Test  Set  TTU-20SB/C  to  an  ^tltodeol  .ivto  feet. 

e«  With  kn^  (3)  in  center  (normal)  CKMltlor^  rotate  knob  to 
itt  altimeter  pointer  to  zero  feet  Endlc^Uon. 

d.  Loosen  Barometnc  , Seal*  Drift  Adjustment  Lockirtt  Screw 
(4)  until  head  of  seifw  is  dear  of  reeeu*d  hole  tn  altimeter 
b<«eL 

e.  Posh  Loekine  www  {4)  away  from  B»rometnc  Scale  Zero 
Settinc  Knob  (.1)  until  loeking  pin  (5)  hu  been  lifted  to  lu  far 
up  poii^'on. 

f.  Wfthftraw  knob  (3)  to  »ts  extettdM  Position  and  rotate 
kftob  (3>  until  aJtimetn  barometde  t«adout  eounter  1^  reset  to 
29,92  inches  of  mtreury  and  altimeter  pointer  indlcatea  aero  feet 
altitude. 

C.  To  venfy  re-^roiotf  retum  knob  (3)  to  center  position. 
The  pointer  shaJt  stdl  mdlcat«  xero  t  S  (eot.  If  pOJOterdoes  not 
;ndie4te  Zero  feet  ivitltin  specified  toteranee^  repeat  steps  c«  f 
K* 

h.  With  knob  (3)  In  its  center  (normal]  portion.*  reseat 
toekiOK  ptn  b«ck  to  m  onicinal  position  and  tighten  lockjtnc 
serew  (4>in«urintt  thut  tt  fiu  property  m  ceceu  ot  the  be«el. 


NOTE 

[n  the  event  that  st4ndbr  scale  error  data  lodieates  that 
more  aceuracv  can  b^  obtained  by  offsetttnf  the 
pneumatic  iett[nR  the  pomt4^r  shall  bf  adju^teii  to  the 
desired  offset  instead  of  zero  feet.  The  uoit  muit  still 
meet  aJl  tolerances  of  table  4«5. 


4^     C}iange  5 
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4-33.  ELECTRICAL  ZERO  SETTINa 

Loom  MUcivw*  <1)  *ad  <2)  knob  (3)  uotU  koob  can 
b*  mov«ii  out  on  sbtft,  Mov*  knt>t>  out  uottJ  hoU  on  «lu/t  U 
vl«ibl«.  TfghtMi  stttic»w  (l)u 

b.  S«t  AlttaicKT  CESET^STBY  «>at>dl  tmtUb  to  RESET 

Wltli  knob  {a>  in  c«nUf  (aoitt«l)  podtioo,  rout«  luiob 
until  «ltiin«t«T  bU0Di«t>i<  ludout  count«r  ti  icm  to  29*92 
lncfa«*  of  m«reuzy* 

6*  Loot*  Banm<tdc3cftl«1>iifi«diM*tin<nt  Socking  sci«w  (4) 
untU  b<Ad  of  «ct*w  ti  dan  of  >«enMd  bol«  In  «ltim«t«r  b*t«L 

«^  ?ii>b  locking  tcnm  (4)  twar  bom  Baxon«t;[lc  Sc«l«  Z«ti» 
Mttlai  knob  {3>  until  lockia«  fin  (6)  tut  b««n  lifted  to  £U  up 
pocttlon* 

t  Tmh  knob  (3>  in         toXaU  until  tltimcUr  poinut 
HOTS 

In  Ui«  tv«ttt  th«S  P0w«r  on  fctl*  «nor  data  IntflcaUt  tbat 
mof*  accttxaey  c«n  b«  obtalntd  br  ofCiettlnc  ^ctrlc«l 
z«to  MttiDi,  Uio  pototar  tfaaU  bo  adjuitad  to  tbt  d«<tt«d 
ofbat  in«taad  of  zato  f««t.  Tba  unit  must  jtUl  inft«t  all 
toktaocM  of  Tabk  4*6* 

Return  knob  (3>  to  th*  c«ii»«t  poaition  carvfullr-  Ovci 
tiaval  patt  th«  cantar  po«(tton  could  affact  tbj  pnaumatlc 

b.  WItb  kttob  (3)  f D  iU  e«tft«r  (aonttal)  position,  re«et  lockt&f 
Pin  (S)  back  tolttotlfiaalpodtloa  and  titbtao  locUnf  jci«w  (4> 
innuinc  Uiat  it  flta  pf  opatiy  in  a««Ma  of  %h*  baicL 

I.  S««  T««i  Sat  TTU'206  9/E  aUltuda  cootiol  to  t*tO  faat 
V«rtfy  Molos  br  moving  alttniata?  RESE'TSTBY  cootiol  *wttcb 
nm  to  STBY  tban  to  RZ3ET.  Tba  pointat  *baU  coatlnu*  to 
Indlcata  uio  ±  b  f*at  in  altbar  podttom  It  not,  repaat  patagnpta* 
4>32  and/or  4>33  a*  ta^uiiad, 

Whm  amiiv  *^  vniflcttion  ptocadum  bava  b««a 
eoimpl«t4dt  looaMi  knob  aataoaw  {1)  and  movo  knob  in  until 
bola  ott  i^tft  i*  ao  lomaf  vi«ibl«*  Ticbun  Mi^cmr*  (l)«sd  (2) 
timir.  Ba  cartain  tlut  aat  tciaw  <1)  ti  lae«t«d  In  bol«  on  abaft 
Sat  Smw  {1}  abould  ba  Mcaaaad  mova  than  tataoaw  (2>  wb«a 
pcepatlr  tocaUd  in  bola^ 

k«  Sat  RESCT-STBV  control  twiUh  to  STBY  poaition. 

4-34.  AAU'19A/A  AtTJMETER^  BENDIX  32S2001^10L  Perform 
btfOTnetnc  and  electrical  «w  setting  and  verifirttion  ope«tion«  in 
accofdance  inth  the  following  procedufca  (Set  figw  44.) 

4^,  BAROMETRICZEROSETTING  (PNEUMATIC MODE)* 

t*  Set  altimeter  RESETSTBY  control  *witch  <1)  to  STBY 
poatton  u  «hown  in  44* 

b.  Set  Teit  Set  TTU*205B/£  to  «n  altitude  of  lero  feet* 

c.  With  knob  (2)  in  center  {normal)  (Motion,  rotate  knob  to 
m  altimeter  barometric  counter  to  29*92  tnchei  of  mercury* 

d.  M^ttg  a  number  one  Phillips  jserewdriver  loo«on,  but  do  not 
remove,  locking  scf^.w  (3)  until  the  :sctcw  head  ia  ju«t  clear  nf  thfC 
front  of  the  bes^  (appro ^imitely  f()ur  turna).  Do  not  force  the  scnsw 
if  rf«tiUnce  U  fflft*  Snaft  lock  (4)  will  drop  apniroMim«tely  ffuih  with 
bottom  of  the  betel  ^  «nown  in  figure  44,  allowing  knob  (2)  to  be 
puUed  out 

CAimON 

Extend  or  dtpre««  knob  <2)  carefully*  without  forcing.  If 
re«iatance  to  the  mo4ion  U  felt,  rotate  the  knob  sli^tly 
until  geat  teeth  are  ik operiy  meaheH* 


BAROMrmiC  2£IIC  SETTING  mSMATK  WOOCI 


ELECTRlCAt  Zf  ROttTilNO 


Fintte44*  Barometric  and  Ekctiicat  Zero  Asiet 
(6endtxTypeAAU'19A/A) 

e*  Wtthdr«v  knob  (2)  to  it*  extended  portion  and  rotate  imtU 
altimeter  poiMer  indicatea  lero  feet  (Alwmya  approach  the  de»red 
zero  aetting  by  routing  knob  in  a  dockwiae  ffircctioru) 

L  Tovaitfrf«^«aioiaf,'tatttinknobtoe*ntca(&ortta])poc{tlon* 
Tb«  polnttr  abaU  indkata  aaio-t  &  f**t  vbUa  Ui«  baiomatric  countar 
lndl«ata«  29*92  tttcfaaa  of  nMtenry*  Ropaat  it«p«  «  and  f  if  Iba  pointer 
do«a  not  indlcata  faro  faat  wltbia  tba  apaciflad  tolaranc*. 

NOTE 

In  the  event  that  stand-by  tfjle  error  diU  indicates 
thtt  mote  accuxacy  can  be  obtained  by  offsetting 
the  pneumatic  settings  the  pointer  shall  be  adjusted 
to  the  desired  offset  instead  of  zero  feet  The  unit 
must  stiU  meet  *U  tolerance*  of  Tibie  4-5. 

g.  When  ictoing  and  verification  procedures  have  been  com* 
pleted,  press  «haft  lock  (4)  back  into  altimeter  housing  to  original 
position^  and  tigliteii-backing  screw  (3)* 
4-36.  EiECnUCAL  ZERO  SETTING. 

a.  Set  RESET-STBV  control  (wiicbO)  to  RESET  poridonw 
shown  in  f^ure  44. 

b.  Loo#en,  but  do  ooc  *emow»  aeal  acrew  <5)  ipproximitely  | 
two  and  one^lkalf  turns.  Using  «  Number  One  Phillips  Screwdtmr, 
loom^but  do  tjot  remove,  lockinfsatw  (3>  untU  head  1*  clear  of 
thef^tofbczeKafpfoximatdyfourtums).  Shaft  Lock  (4)  wiU 
drop  f1uab\M^  bottom  of  bezel  as  shown  in  ^jguie  44  lowing 
kntt>  (2)  to  be  pushed  in. 

CAUTION 

Extend  or  depreaa  knob  (2)  carefuUy  without  foreing*  If 

ctAitance  to  the  motion  is  MU  rotate  the  knob  dltg^t'  * 

untU  gea;  teeth  are  properly  meahed* 

c  PUih  knob  (2)  in  and  rotate  until  altimeter  pointer  indicates 
trto  ±5  feet*  (Always  approach  the  desired  zero  setting  by  rotating 
knob  in  a  clockwive  dirrctionO 
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in  the  event  thjt  pow«t  an  acale  error  indicates  that  more 
accuracy^  can  be  abtajned  hy  offsetting  electrical  icro 
Mtiing,  ^hc  pointer  sSutl  be  adjusted  to  the  de«ired  ofhet 
instead  of  ^ro  feet, 

d.  Return  kitob  (2)to  ccnfer  poattton* 

e.  Set  Te«t  Set  TTU'205B/E  altitude  control  to  tcro  feet« 
Venty  tcrotn;  by  moving  RESET-STBY  control  switch  (1)  fint  to 
STBY  then  to  RESET.  TTw  f>ointer  »h*U  cootinue  to  indtettc  uto  t 
5  fert  in  either  position.  If  not*  repeat  procedures  gfven  m  vtepa  a. 
throui;^  e.  as  required. 

i  Kfhtti  74:rotng  ^nd  verificatioft  piroeedures  have  been 
completed,  t*^*t!eJi  seal  Aciew  (5),  Pttss  ^liift  lock  (4)  back,  into 
dtimv^Ler  to  ohg^ntl  position  and  listen  locking  screw  (3), 

g.  5c.  aESET'Sr  BY  control  switch  (1)  to  5TBY  position, 

4-38.  Z£RO  5E1T1^^C  SCALE,  Tith  the  altimeter  in  the  STBY 
-coc«  ^t\d  TrAi  $tt  TTU'205a^E  off  and  EQUALIZER  open,  rotate 
Ml '  -^tzK  -wfo  ^ftine  Scnob  (3)  figures  4-2  and  4-3  or  (2) 
r,^r'  ^'^t  ^^^m  28.10  to  3L0O  and  check  for  smoothness  of 
\  cjiX,  Stt  krob  It  and  record  altitude  displays  reading, 
w^irifu  Hitni^  40  29,50,  29,92. 30i3O«  and  31,00  and  record  altitude 
a«.^ix::y  -ceding  each  of  these  upscale  settings.  Hie  difference  in 
'^ic^v  ^ettng?  nAftiU  be  within  the  ranges  specified  in  table 

1-:;,     ^.K*^      baromctnc  $ettingb4ck  to  30.50, 29,92,  and  29,50, 
V  >'i  i:'Kt'*.       record  dUplay  reading  tt  each  setting,  Hiereading* 
./  e,i  ji  ch**!^  'i^wnscalc;  netting}  ih*ll  indicate  within  t  30  feet  of 
;he  fe)i£im^  taken  at  the  sam<^  points  on  the  upscale  settingi.  The 
t^ii       he  performed  with  the  altimeter  in  the  RESET  mode, 
to  routing  the  control  switch  to  RES£T«  toiM  the 
SY:iCH*-^0  aZSZT  twitch  to  sUw  th*  SYNCHRO  DISPLAY 
:^!ocaJ  ^sld^kration*  Upon  complttlon  of  tMt»  return 
iiltimeter  to  STDY  mod*. 

TAhle4-3.  Zero  Se^ttg  Scale  FunetiondTeet 


i 

JAaOM^TRlC 

DIFFERENCE  RANGE 

* 

^infeet) 

i 

From  20  10  to  29,92 

Between  1690  and  1760 

From  29,50  to  29,92 

Between  360  and  425 

! 

From  29.92  to  30,50 

Between  500  and  570 

i 

Froni29H92to3LOO 

Between  950  and  1020 

4-39,  ELECTRICAL  TESTS, 

0  CAUTION 

^  £^or  ^  i^plyinf  powax  to  t«t  set  Tnr*205B/£,  aet 

th«  awitchM  and  conuoU  oxt  tt^  panel  to  the  lettlnfi 

1  irpecli^d  In  table  4-2;  Return  altitud*  rate  to  0,000 
I  feet  after  the  test  a«t  *tahUlMiu 

4-40*  RESET'STBY  CONTROL  SWITCH,  FLAG,  AND  VJBRA' 
TOR  PERFORMANCE.  S^t  bATometric  r««4out  counter  to  29^92 
Indies  of  mercuiy.  On  TmSet  TTU'205B/£,  doi««0tallt«r 
vilve*,  turn  Test  Set  to  ON,  ailhi#t  T««i  Set  to  pfoduce  ao  altimeter 
indication  of  apj^roximauty  500  feet  Slfw  Tw  Set  TTU-229/E 
SYNCHRO  DISPLAY  until  3cero  feet  ii  indicated-  Note  that  altimeter 
STBY  fbg  t$  viaible,  vibrator  ts  opemtan^,  and  mdkttor  showa 
ap|>rox]matciy  500  feet.  Set  the  RESET-STBY  control  switch  to  the 
RESET  portion.  Note  that  alttmeter  STBY  Hag  it  concealed^ 
vibrator  operation  ceawe*  and  Indiesaor  ahowa  teto  t  ^  Set 


RESET-STBY  control  switch  to  STBY  poeition*  Note  that  altimeter 
revert*  to  pneumatic  mode,  STBY  lUf  is  vbible«  vibrator  is  operating, 
and  indicator  showi»  aporoximatelv  500  feet 

442,  Set  the  altimeter  RF^ET  -  STBY  cootrol  switdi  to  RESET 
position.  The  altimeter  pointer  ahaU  indicate  ien>  t  ^  'eet,  the 
STBY  flagshtll  be  concealed, and  the  vibrator  shall  not  be  openting. 
Rotate  the  SYNCHRO  RESET  switch  on  Test  Set  TTU^229/E  in 
either  direction,  in  SLOW  position*  to  slew  the  SYNCHRO 
DISPLAY,  During  the  slewing  operation  observe  that  the  following 
occurs, 

3,  Test  Set  TTU  229/E  PILOT  and  CO-PILOT  panel  lamps 
extinguish, 

b.  The  altimeter  pointer  indicate*  approumatdy  500  feet, 

c.  The  STBY  fl*g  is  visible, 
d«  The  vibrator  ;9operatJT^, 

443,  Rotate  Test  Set  TTU-239/E  SYNCHRO  RESET  switch  to 
NORMAL  po«ttion  and  obeerve  that  the  PILOT  and  CCXFILOT  pand 
lamps  illuminate.  Hold  Test  Set  SERVO  switch  in 
RESET  position,  then  release  it  to  NORMAL  position.  Observe  that 
the  altimeter  reverts  to  electrical  mode  of  operation, 

444,  FAILURE  DETECTTON  TEST, 

445,  ^th  the  altimeter  in  the  RESET  ,M^ode  of  operation  and  Test 
Set  TTU-2056/E  set  to  lero  altitude,  rotate  Te^t  Set  TTU-229/E 
SYNCHRO  RESET  switdi  to  slew  the  SYNCHRO  DISPLAY  to  tero 
feet.  During  the  slewing  operation  the  dtimeter  will  revert  to  the 
pneumatic  mode  of  operation.  When  the  SYNCHRO  DISPLAY 
indicates  zero  feet,  release  the  SYNCHRO  RESET  fwitch  to 
NORMAL  position  thert  hold  Teat  S#t  TTU-229/E  SERVO  switch  in 
RESET  position  to  return  altimeter  to  electric  mode'  of  operation. 
Set  the  SERVO  twitch  to  DISABLE  position-  S\o^y  inctew  the 
pneumatic  input  until  the  STBY  flag  appears.  Vibrator  operation 
shall  atsn  without  tipping  the  caae ,  Wlwn  the  STBY  flag  appears^  tie 
AAU-19/A  altimeter  rea<Or^  shall  be  betwem  400  and  1000  feet  of 
the  dectrical  input;  the  AAU-19A/A  dtimettr  ^laH  be  between  100 
and  300  feet  of  the  electrical  input.  After  test  is  completed,  rotate 
Te9t  Set  TTU-229/E  SERVO  awttch  to  NORMAL  position. 

446,  ALTITUDE  DEVIATION  TFST. 

447,  With  the  dtimeter  aet  in  STBY  mode,  a<Qust  Ted  Set 
TTU-209B/E  pneumatic  mput  until  dtimeter  indicates  2000  feet. 
Place  Test  Set  229/E  SYNCHRO  SELECTOR  in  SELF  TEST 
portion  and  INDUCED  ERROR  control  to  2000  feet.  Set  altimeter 
RESET-STBY  control  switch  to  RESET  podtion.  Record  the 
altimeter  sole  error  at  2000  feet  induced  error.  Rotate  Teat  Set 
TTU-229/E  INDUCED  ERROR  control  to  each  of  the  vahies  li«ted 
in  able  44.  Errors  ^hall  be  within  tolerances  specified.  Induced  error 
is  defined  as  the  difference,  m  feet,  between  pneumatic  and  dectricd 
Input. 


Tabic  44,  Altitude  Deviation 


PNEUMATIC 

INDUCED  ERROR 

ALTIMETER 

TOL, 

INPUT  (feet) 

SETTING  (feet) 

INDICATION 

(t  feet) 

2000 

+  2000 

2000 

30 

2000 

+  3000 

3000 

40 

2000 

1-1000 

1000 

40 

44     Ch«nae  e 

/350 
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NOTE 


At  the  completion  of  this  test,   rotate  Test  Set  TTU-229/E 
INDUCED  ERROR  to  200   feet,   set  altimeter  to  STBY,  rotate 
TEST  SET  TTU-229/E  SYNCHRO  SELECTOR  control   to  ALTIMETER, 
and  INDUCED  ERROR  control   to  zero*     Return  Test  Set  205B/E 
to  zero  al t ^  tude  * 


4-48*     LIGHVING  TEST, 

4-49*     Set  RED-OFF-WHITE  switch  of  TEST  SET  TTU-229/E  to  the  applicable  color 
and  observe  that  the  altimeter  display  illuminates* 

4*50*      COMBINED  SCALE  ERROR/FRICTION  TEST* 

4-51*     SCALE  ERROR  TEST*     The  altimeter  shall  be  subjected  to  the  test  points 
specified  in  table  4-5  for  both  the  pneumatic  and  electrical  mode  of 
operation*     The  altimeter,  while  in  the  pneumatic   (STBY)  mode,  shall 
be  brought  to  the  desired  test  pressure  and  the  error  deteri^ined*  This 
error  shall  be  recorded  as   the  Standby  Scale  Error  and  shall  be  within 
the  tolerance  specific  1  in  table  4*5*     At  the  required  RESET  mode 
test  points  specified  in  table  4-5,   the  altimeter  pressure  input  shall 
be  set  to  the  nominal  test  point  pressure,  and  Test  Set  TTU''229/E 
SYNCHRO  DISPLAY  control  set  to  the  corresponding  altitude  setting* 
Errors  shall  be  within  tolerances  specified  in  table  4-5* 


The  Altimeter  shall  be  observed  for  the  presence  of  spurious  pointer 
motion  at   the  required  RESET  mode  test  points  specified  in  Table  4*5. 
At  each  test  point,   the  test  set  ALTITUDE  contol  shall  be  adj  us  ted 
so  that  the  altimeter  indication  is  not  in  the  counter  transfer  area* 
The  permissib le  pointer  motion  shall  be  no  greater  than  0*080  inch 
(10  feet)* 

The  Altimeter  shall  be  reset  each  time  Test  Set  TTU-229/E  SYNCHRO 
DISPLAY  has  been  slewed  to  a  different  test  point,   and  reverted  to 
STBY  mode  before  the  pressure  Is  changed  * 


4-52,     STOP  AND  JUMP  FRICHTION  TEST*     The  altimeter  shall  be  tested  for 

s  top  and  j  ump  friction  at  test  poins  specified  in  table  4*5*  With 
Test  Set  TTU-299/E  VIBRATOR  switch  set   to  the  ENABLE  position,  the 
alti meter  shall  be  subjected  to  a  cons  tant  rate  of  decreasing  altitude 
equivalent  to  the  rates  indicated*     The  change  in  reading  of  the  pointer 
a t  the  test  points,   due  to  its  stopping  and  j umping  while  the  counter  Is 
turning,  shall  be  recorded  as  friction  and  shall  not  exceed  the  tolerances 
specified  In  table  4*5* 

4-53*      TEST  SET  SHUTDOWN  PROCEDURES > 

4-54.     TEST  SET  TTU-205B/E,     The  procedure  of  paraph  4-55  shall  be  followed 
whenever  one  of  the  following  conditions  occurs 


a.  Any  pneumatic  connection  Is  to  be  changed* 

b.  Prior  to  switching  OFF  at  completion  of  tests, 
c  *     Immediately  following  a  power  Interruption* 

d  *     Immediately  following  an  abnormal  pr es  sure  condit  ion  as 
indicated  by  any  of   the  three  red  lamps  * 


NOTE 


22- 


4-55*     Test  Set  TTU*205B/E  shall  be  shutdown  as  follows: 

a.     Rotate  AIRSPEED  control  fully  counterclockwise   (50  knots)* 
b*     Rotate  ALTITUDE  control  to  local  ambient  altitude. 

c.  Check  PRESSURE  MODULULATION  controls  OFF,i*e.,  FREQUENCY 
control  OF?,  AMPLITUDE  control  0.     Allow  pressure  to  stabilize 
until  counters  steady. 

d.  Open   (counterclockwise)    the  Pg  EQUALIZER  and  Pt  EQUALIZER 
controls.     Allow  pressure  to  run  down  and  stabilize  at  amb ien t 
as  indicated  by  the  counte rs . 

NOTE 

The  counters  require  power  for  their  operation.  If  power  canno t  be 
maintained  on  the  test  set,  the  counters  wilf  remain  steady  even  as 
pressures  bleed  off. 

e*     Switch  POWER  OFF. 

4-56.     TEST  SET  TTU-229/E*     Secure  the  test  set  by  setting  the  switches  and 
controls  to  the  pos itions  given  in  tab le  A^l* 

4-^5  7.     Disconnect  all  hoses  and  cables  from  the  altimeter  and  test  sets  and 
return  to  stowage  unless  required  for  further  operation* 
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Tttd 
PoinU 

R4teof 
Altitude 
Chan^ 
(feet  per 
minute) 

TertSet 
rrU  229/E 

Altimeter 

Friction 
Tolerance 
Stop  and 
Jump 

Operational 
(i  feet) 

Scale  error 

Ti*i  rauLC 

Direction 

Vibrator 
Switch 

Mode  of 
Operation 

Power  On 
it  fe<0 

Stby 
it  'e<t> 

0 

Up«c«le  from 
1000  feet 

3^5K 

Enable 

Stby  and  Hwet  Mode 

+  30 

+45 

500 

Upscale 

3-5K 

Enable 

Stby  and  Reset  Mode 

30 

^'■50 

1.000 

Upscale 

3-5K 

Enable 

Stby  and  Reaet  Mode 

30 

50 

2,000 

Upscale 

3-SR 

Enable 

Stby  and  Reset  Mode 

30 

60 

2O.C0O 

Upscale 

3^K 

Enable 

Stby 

195 

40,000 

Upscale 

J-5K 

Enable 

Stby 

34S 

t 

Dowiuale  from 
^Zjm  to  60,000 

60.G00 

3-5K 

Ehtble 

Stby 

1200 

50.000 

* 

Dowtit^jlc 

aooo 

£n>bk 

Stby 

100 

|40,COO 

DowTvoUe 

Enable 

Slby 

345 

1 

!  30,000 

Doivmule 

3-5K 

Enable 

Stby 

270 

1 

Do«mcale 

3000 

Enidvie 

Stby 

SO 

1 15,000 

Downacale 

3-5K 

Enable 

Stby 

155 

U0.00O 

Dowmcile 

3-SK 

Enable 

Stby  and  Reset  Mode 

30 

120 

6.000 

Dowmcafv 

3-5K 

Enable 

Stby  and  Reset  Mode 

30 

90 

5,0i>0 

Dowiucatif 

500 

Enable 

Stby 

50 

4^ 

ZSK 

Enable 

Stby  and  Reset  Mode 

30 

75 

3.000 

Dowmcale 

3-5K 

Enable 

Stby  and  Reset  Mode 

30 

60 

IJOOO 

DownKalc 

500 

Enable 

Stby 

50 

500 

Dowmokle 

3.5K 

Enable 

Stby  andResft  Modf^ 

30 

50 

0 

Dowivc*le 

3-5K 

Enable 

Stby  and  Reset  Mode 

30 

43 
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Instrument/Flight  Control  Branch  3ABR32531-HO-303 
Chanute  AFB,  Illinois  3  February  1975 

PITOT  PRESSURE  AMD  PITOT-STAITC 
CONTROL  PANEL  AMD  OPERATING  INSTRUCTIONS 

This  handout  is  designed  to  be  used  in  conjunction  with  programmed 
text  3ABR32531-PT-303,  Pressure  Temperature  Test  Set  TTU-205/E  and 
Automatic  Altittide  Reporting  Equipment  (AIMS)  *    The  information  is 
essential  for  proper  use  of  the  pltot  pressure. and  pltot-static  control 
pan  el « 

1«  Purpose: 

a*     Provides  a  controlled  input  of  pitot  and/or  static 
pressure{s)  to  the  AIMS  Altimetry  System  or  AIMS  Computer* 

b«-    Used  to  leak  test  the  above  system  or  to  provide  the 
system  with  Inputs  of  airspeed  and/or  altitude  simulations* 

c*     Used  as  a  substitute  for  the  TTU-205/E* 

2«      Operational  characteristics  (refer  to  figure  1): 

a«     Almost  identical  to  the  MB-1  Field  Tester  as  far  as 
the  operation  Is  concerned* 

b«     The  only  exception  is  that  the  pitot  and  static  pressures 
are  supplied  from  an  external  source  and  not  from  an  internal  source* 

c«      The  amount  of  pitot  pressure  that  is  needed  by  a  system 
is  read  in  knots  on  the  airspeed  indicator  located  on  the  control  panel. 

d«     The  amount  of  static  pressure  that  is  needed  by  the  using 
system  is  read  in  feet  on  the  altimeter  located  on  the  control  panel « 

e.      Control  Knob  functions: 

(1)  Pressure  Source  Valve:    Used  to  apply  a  controlled 
amount  of  external  pressure  to  the  using  system*    The  amount  of  pressure 
will  be  read  on  the  airspeed  indicator  located  on  the  control  panel* 
After  reaching  the  desired  airspeed,  the  valve  is  closed. 

(2)  Pressure  Vent:    When  open,  releases  pressure  from 
the  using  system  and  the  control  panel* 


OPR:  TAS 
DISTRIBUTION:  X 
TAS  -  300;  TTOC  -  2 

Designed  for  ATC  Course  Use^    Do  tlot  Use  on  the  Job, 
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(3)  Vacuum  Source  Valve:    When  open  applies  a  vacuum 
source  to  the  using  system*    The  amount  of  vacuum  required  (static) 
will  be  read  in  feet  on  the  altimeter  located  on  the  control  panel* 

(4)  Vacuum  Vent:    When  open,  releases  vacuum  from  the 
using  system  and  the  control  panel* 

(5)  Cross  Feed  (refer  to  figure  2) * 

(a)  Purpose:    Used  to  obtain  a  low  airspeed  and 
high  altitude  reading  at  the  same  time* 

(b)  Operation:    When  the  cross  feed  valve  Is 
opened^  vacuum  is  applied  to  the  pitot  line*    This  decreases  the 
differential  pressure  on  the  airspeed  diaphragm*    This  decrease  in 
differential  pressure  results  in  a  lower  airspeed  indication*  Since 
vacuum  is  applied  to  the  pitot  line^  a  decrease  in  altitude  will 
result*    Therefore,  the  vacuum  source  valve  and  the  cross  feed  MUST 

be  adjusted  simultaneously  to  obtain  the  desired  airspeed  and  altitude 
indications* 

f  *     Remember,  when  applying  any  pressure/vacutiin  with  the 
control  panel,  APPLY  THEM  SLOWLY*    Pressure  SURGES  will  damage  the 
indicators  and  possibly  the  systems  under  test* 

Caution:  NEVER  APPLY  PITOT  AND  STATIC  PRESSURE  AT  THE  SAME  TIME* 
NEVER  VENT  WITH  THE  CROSS  FEED  OPEN* 
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PROGRAiMED  TEXT 


3ABR32331-PT-402A 


Technical  Training 


Avionics  Instrument  System  Specialist 


OPEBATION  OF  ACCELER0METER5 


CHAHUTE  TECHKICAL  TRAIKING  CENTER  (ATC) 
3360  Technical  Training  Group 
Chanute  Air  Force  Base^  Illinois 


Designed  for  ATC  Course  Use, 
Do  Hot  Use  on  ttie  Job, 


7  February  1978 


FOREWOEB 


This  programmed  text  was  prepared  for  use  in  the  3ABR32S31^  Avionics 
Instnimnt  Systems  Specialist  Course.    It  was  validated  using  30  students 
from  the  course  with  97%  of  the  students  achieving  the  objective  as 
stated.    The  average  time  to  complete  the  text  was  35  minutes. 

OBJECTIVE 

1.     Without  references^  identify  facts  pertaining  to  the  purpose^ 
operation^  and/or  characteristics  of  flight  instruments  with  a  minimum 
accuracy  of  70Z. 

a.     Accel erometers. 

INSTRUCTIONS 

This  programmed  text  presents  information  in  small  steps  called 
frames*    After  reading  the  information  in  each  frame^  you  are  to  select 
an  answer  by  placing  a  checkmark        by  the  correct  response(s).  Check 
your  answers  each  time  with  the  coxxect  answer  shown  at  the  end  of  the 
following  frame.    If  you  made  a  correct  response^  go  on  to  the  next 
frame.    If  you  make  an  incorrect  response^  reread  the  frame  before 
going  on  to  the  next  frame.    Be  sure  that  you  understand  the  material 
presented  in  each  frame  before  you  continue.    If  you  do  net  understand 
the  text  or  have  a  question,  raise  your  hand  and  your  instructor  will 
assist  you. 


Supersedes  3ABR32531-PT-302 ,  20  January  1975. 
OPR:    3360  TCHTG 
DISTRIBUTION;  X 

3360  TCHTG/TTGU-F  -  200;  TTVSA  -  1  L^fil 


i3a\ 

Frame  1 


The  factors  upon  which  the  operation  of  the  accelerometer  is  based  are 
inertia  and  acceleration.    By  definition,  inertia  is  the  tendency  of  a  body 
at  rest  to  remain  at  rest.    Also,  a  body  in  motion  tends  to  remain  In  motion 
in  a  given  direction,  unless  subjected  to  some  outside  force.    Whenever  an 
outside  force  acts  on  a  body  and  overcomas  Inertia,  there  is  acceleration. 
Acceleration  is  defined  as  a  rate  of  change  in  velocity  (speed  or  direction 
or  both)  per  unit  of  time. 

Check  (/)  the  true  statement(s)  below. 

a.     Operation  of  che  accelerometer  is  dependent  upon  the  factors  of 
inertia  and  acceleration. 

b *      Inertia  is  a  body  in  motion  coming  to. a  complete  rest. 

 ^c*      Inertia  is  the  tendency  of  a  body  in  motion  to  remain  in  motion. 

 d.     Acceleration  Is  defined  as  a  change  ±n  Inertia. 


I3n 


Frame  2 


Acceleration  increases  as  the  applied  force  Increases  and  decreases 
as  the  mass  of  the  object  Increases.    To  lllistrate  this  point*  let^s  say 
that  car  A'welghs  3*500  pounds  and  has  a  235  horsepower  engine.    Car  B  weighs 
3*500  pounds  and  has  a  100  horsepower  engine.    We  can  conclude  in  this  case* 
that  vlth  the  Increased  horsepower  (force)  of  car       there  is  an  Increase  in 
acceleration.    On  the  other  hand*  Increasing  the  mass  (weight  and  size)  of 
a  car  without  Increasing  the  engln*;*  power*  results  In  a  marked  decrease  in 
acceleration. 

Check  (/)  the  correct  statement (s)  below. 

 ^a.     Acceleration  Increases  as  mass  Increases. 


b.  Acceleration  decreases  as  mass  Increases. 

c.  Acceleration  Increases  as  the  applied  force  Increases. 

d.  Acceleration  decreases  as  the  applied  force  Increases. 

e.  If  force  Is  increased*  acceleration  will  decrease. 


Answers  to  frame  1: 


/  a. 


/  c. 


2 


Frame  3 


Since  acceleration  Is  directly  proportional  to  the  force  applied  to  an 
object^  the  aniouBt  of  acceleration  can  be  used  as  an  Indication  of  the  amount 
of  force  applied*    This  Is  exactly  what  the  accelerometer  does*    By  measuring 
the  amount  of  acceleration^  the  accelerometer  Indicates  the  amount  of  force 
applied  to  the  aircraft  and  Its  crew  (occupants) . 

Check  (/)  the  correct  statement (s)  below. 

 a.      The  accelerometer  Indicates  the  amount  of  Inertia  applied  to 

the  aircraft. 

b*      The  accelerometer  cieaaures  the  amount  of  inertia* 


Xbe  accfilerometer  cannot  measure  or  indicate  the  amount  of  force 
applied  to  the  aircraft  and  cvw* 

d*      The  accelerometer  Indicates  the  amount  of  force  applied  to  the 
aircraft  and  crew* 


Answers  to  frame  2: 


/  b. 


Frame  4 

Match  the  definitions  on  the  left*  to  the  terms  on  the  right  by  listing 
the  correct  letters  in  the  blank  spaces. 


1. 

2. 

3. 
5. 


A  change  in  velocity  per  unit  of  timei 

The  tendency  of  a  body  at  rest  to 
remain  at  rest. 

Indicates  the  amount  of  force  applied 
to  the  aircraft  and  crew* 

The  applied  force  is  increased. 

The  applied  force  is  decreased. 


a.  Inertia 

b.  Acceleration 

c.  Acceleration 
.  increases 

d.  Acceleration 
decreases 

e.  Accelerometer 


* 


f 


/.3S5 

Answer  to  frame  3:       /  d. 


4 


I3^f 

Frame  5 


The  force  that  the  accelerometer  indicates  is  the  load  acting  along 
the  vertical  axis  of  the  aircraft • 

The  accelerometer  reacts  only  to  forces  that  cause  the  aircraft  to 
accelerate  along  the  aircraft *s  vertical  axis. 


Check  (/)  the  correct  answer(3)* 
The  accelerometer  indicates  the: 

 a*      force  (load)  acting  along  the  horizontal  axis  of  the  aircraft* 

b*      lift  acting  along  the  horizontal  a^is* 

c*      forces  that  cause  the  aircraft  to  accelerate  downward  only/ 
 d*      force  (load)  acting  along  the  vertical  a^fis  of  the  aircraft* 


Answers  to  frame  4;    1*    b        2^    a        3,    e        4*  _  c        5*  d 


VERTICAt 


Frafne  6 

The  accelerometer  Indicates  acceleration  In  '*G"  units.    One  ''G*'  unit  is 
the  force  exerted  by  the  pull  of  gravity  upon  a  body  at  rest.  Acceleration 
due  to  gravity  is  32  feet  per  second  per  second. 

Checic  (/)  the  correct  answer(s). 

1.     The  accelerometer  Indicates,  In  "G**  units,  the: 

 ^a.      force  (load)  acting  along  the  horizontal  axis  of  the 

aircraft . 

 b*      forces  that  cause  the  aircraft  to  accelerate  upward  only. 

 ^c*     force  acting  along  the  vertical  axis  of  the  aircraft. 


d.     lift  acting  along  the  horizontal  axis* 


2*     The  accelerometer  Indicates: 

a.      the  horizontal  lift  In  "G"  units. 

 b.     Inertia  In  "C*  units. 

 ^c.  gravity. 


d.      acceleration  In  "G"  units. 


Answer  to  frame  5:       /  d. 


mi 

Frame  7 


The  accelerometer  compares  the  forces  acting  on  the  aircraft  «ith  the 
force  of  gravity.    When  the  aircraft  is  at  rest  on  the  ground,  the 
^clZi  on^t  is  the  force  of  gravity;  therefore,  ^he  accelerometer  should 
indicate  +1G.    The  accelerometer  Indicates  +1G  in  ^^^f °^ 
Se  vlng  is  exactly  equal  to  the  weight  of  the  aircraft  (level  flight) . 

The  illustration  below  shows  an  accelerometer  indicating  +1<I.  ""^i*^* 
what  the  accelerometer  should  Indicate  on  the  ground  or  in  straight  and  level 
flight. 


Check  (/)  the  correct  3tatement(s)  below. 

a.  The  accelerometer  should  indicate  0  "G"  on  the  ground. 

b.  The  accelerometer  should  Indicate  +1"G"  on  the  ground. 

c.  The  accelerometer  should  Indicate  -1"G"  in  level  flight. 

d.  The  accelerometer  should  indicate  0  "G"  in  level  flight. 

e.  The  accelerometer  should  indicate  +1"G"  in  level  flight, 


Answers  to 


frame  6:    1.    /   c.        2.    /  d. 


m%  - 

Frame  8 

The  term  plus  one  **6'*  (+16)  Is  the  normal  pall  of  gravity.    The  accalero-* 
meter  indicates  16  only  when  the  aircraft  is  on  the  ground  or  in  level  flight. 

Check  (/)  the  correct  answer(s)  below. 

An  accelerometer  indicates  normal  gravity  (+16)  when  the  aircraft  is: 

 a.      in  straight  and  level  flight  only* 

 b*      climbing *or  diving* 

c.     parked  ou  the  flight  line  or  in  straight  and  level  flight. 
 d.     parked  ou  the  flight  line  only* 


/3S9 

Anrmers  to  frame  7:       /  b*       /  e. 

8 


Frame  9 


an  inside  loop,  etc.,  positive    u  s  wij-x  ge  j.imii;<iL=«  »   

These  forces  apply  additional  stress  on  the  aircraft  structure. 

43G  M  I 


Check  (/)  the  letter  that  identifies  the  correct  answer. 
Positive  "G"s  are  indicated  when: 

a.      the  aircraft  is  in  inverted*  level  flight. 

 1).      the  aircraft  enters  a  dive. 

 c.      the  aircraft  pulls  out  of  a  dive. 

d.      the  aircraft  levels  out  after  a  climb. 


Answer  to  frame  8: 


9  1-^70 
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Frame  10 


When  the  forces  acting  on  the  aircraft  have  the  effect  of  decreasing  Its 
wieght  (less  than  +I**G**)  such  as  during  leveling  out  after  a  climb,  nosing 
uown  to  start  a  dlve»  an  outside  loop»  etc*^  negative  ^^G'^s  will  be  Indicated 
on  the  accelerometer *    These  forces  also  apply  additional  stress  to  the  air- 
craft structure* 


Check  (/)  the  letter  that  Identifies  the  correct  answer. 
Negative  *'G**s  are  encountered  wheni 

 a.      th^  aircraft  climbs. 

 b.      the  aircraft  pulls  out  of  a  rflve* 

 ^c*     nosing  down  to  start  a  dive* 

 ^d,      climbing  upward* 


I37i 

JmsvBT  to  frame  9:       /  c. 


10- 


/331 

Frame  11 

Put  a  T  by  statements  below  that  are  true  and  £  by  statements  that  are 
false* 


1.    Inertia  is  the  tendency  of  a  body  at,  rest  to  remain  at  rest. 

2.  A^cceleratlon  is  a  change  In  velocity  per  unit  of  time. 
3*    Acceleration  increases  as  mass  increases. 

4.  ^  Acceleration  increases  as  the  applied  force  increases. 

5.  The  accelerometer  indicates  the  amount  of  inertia  applied  to 
the  aircraft. 

6.  ^        '    The  accelerometer  indicates  the  amount  of  force  applied  to 

the  aircraft  and  crew* 

7.  ^  The  accelerometer  indicates  the  force  (load)  acting  along  the 

vertical  axis  of  the  aircraft. 

8.  The  accelerometer  indicates  in  "G*'  units. 

9»  The  accelerometer  should  indicate  +1"G"  on  the  ground  or 

when  the  aircraft  is  flying  straight  and  level* 

10.    The  normal  pull  of  gravity  is  plus  one  "G." 

11.    Positive  "G*'s  have  the  effect  of  Increasing  weight,  therefore; 

increasing  stress  on  the  aircraft. 

12.    Negative  "G"s  have  the  effect  of  Increasing  stress  on  the 

aircraft  during  a  steep  turn. 

13.    Negative  "G"s  have  the  effect  of  decreasing  the  weight  placing 

additional  stress  on  an  aircraft  when  nosing  down  to  begin  a 
dive* 


Answer  to  frame  10;       /  c. 


l.)72 
11  ' 
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Frame  12 

One  type  o£  accelerometer  Indicates  both  positive  and  negative  accelera- 
tion^   Positive  acceleration  causes  plus  reading  and  negative  acceleration 
causes  minus  readings.    An  acceleronkiter  that  indicates  positive  and  negative 
^*'6"s  is  the  AF  type  B-6.    The  range  of  thl3  Instrtiment  Is  from  -56  to  +10  6. 

The  type  B-6  accelerometer  has  three  indicating  pointers.    The  main  pointer 
gives  a  continuous  indication  of  changes  In  acceleration  as  they  occur.  The 
two  auxiliary  pointers  Indicate  the  highest  maKlmum  plus  and  minus  readings 
reached  during  any  flight  or  maneuver.- 


AUICILIAHY  ytNUS  rolMTER 


Hatch  the  definitions  on  the  left  to  the  terms  on  the  right  by  listing 
the  correct  letters  in  the  blank  spaces  provided. 

Gives  a  continuous  Indication  of 
changes  in  acceleration. 

2*    Indicates  the  highest  plus  changes 

in  acceleration. 

3*    Indicates  the  highest  negative 

changes  in  acceleration. 

^*  Indicates  the  higjiest  negative  and 

positive  changes  in  acceleration. 

Answer  to  frame  11:  below 

Note:    If  you  answered  ^y  of  the  statements  Incorrectly,  go  back  to  the- 
pages  indicated  next  to  the  correct  answer.    Return  to  this  page  only 
after  you  are  sure  you  can  answer  all  statements  correctly. 

1.    T  (2)         2.    T  (2)         3.    F  (3)         4.    T  (3)         5.    F  (2-4) 

6.    T  (4)         7,    T  (5)        8.    T  (5)         9.    T  (6)         10.  r(7) 

U.    T  (7)       ^12.    F  (8)         13.    T  (8)' 

^1^.  1373 


a.  Auxiliary  plus  pointer 

b.  Auxiliary  minus 
pointer 

c.  Auxiliary  pointers 

d.  Main  pointer 


1333 

Frame  13 


The  auxiliary  plus  and  minus  polnCers  are  mounced  on  separate  hollow 
shafcs  t^lch  turn  vlch  che  main  shafc.    A  racchet  and  pawl  asseiobly  for  each 
polncer  llmlcs  the  cumlng  of  chese  hollow  shafcs  to  one  direction  only. 
Thus,  the  auxiliary  plus  pointer  will  only  move  up,  and  the  auxiliary  negative 
pointer  will  only  respond  to  negative  accelerations. 

When  we  speak  of  mass  movement,  we  are  only  speaking  of  relative  movement; 
that  Is,  movement  between  the  accelerometer  (case)  and  the  mass*    When  the 
aircraft  goes  Into  a  dlve^  the  mass  will  tend  to  remain  fixed  in  space,  while 
the  accelerometer  (case)  will  move  downward*    The  net  result  of  this  action 
will  be  that  the  mass  will  move  up  the  two  mass  guides*    The  diagram  below 
Indicates  that  an  aircraft  Is  climbing  at  an  accelerated  rate* 


No  Response  Required 


Answers  to  frame  12:    1.  d 


2* 


a 


3* 


b 


4* 


c 


13 
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/33V 

Frame  14 


The  sensitive  element  is  a  phosphor  bronze  weight;  called  the  mass.  (The 
mass  is  designated  "a"  on  the  diagram,)    The  mass  is  mounted  on  a  pair  of 
guides  (mass  shafts)  and  moves  up  and  down  in  response  to  changes  in  acceleration. 


Check  (/)  the  letter  that  identifies  the  correct  answer* 
The  sensitive  elenjeat  in  the  accelerometer; 

 ^a.      is  the  main  pointer^  ^ 

 b.     is  the  main  spring- 

 Cr     is  the  mass* 

d*      are  the  mass  guides* 


I33f 

Frame  15 


During  level  flight,  the  position  of  the  mass  C'b''  on  the  diagram)  is 
about  midway  between  the  top  and  bottom  of  the  mass  guides. 


Check  iA  the  letter  that  identifies  the  correct  answer. 
When  the  aircraft  is  in  level  flight,  the  position  of  the  mass  is: 
a-      at  the  top  of  the  mass  guides. 

 b*      about  midway  on  the  mass  guides* 

 c.      at  the  bottom  of  the  mass  guides* 


d.      either  at  the  top  or  bottom  of  the  mass  guides. 


Answer  to  frame  14:       ^  ^* 

15  . 


Frame  16 


When  the  aircraft  goes  into  a  dlve«  the  mass  will  move  up  the  two  mass 
guided  and  cause  counterclockwise  rotation  of  the  pulley  system*    Two  pointers 
of  the  assembly  will  move  toward  a  minus  "G'*  Indication*    Refer  to  the  diagram 
and  locate  the  pulleys  (a)*  the  mass  guides  (c)j  and  the  pointer 

assembly  (d) * 

Hote:    Only  the  ualn  and  negative  pointers  would  move  In  a  dive* 


Check  {/)  the  letter  that  Identifies  the  correct  answer* 

The  main  and  negative  pointer  assembly  will  move  toward  a  minus  '*G'* 
Indication  when  the  aircraft: 

 ^a*     accelerates  away  from  the  earth* 

 b*     climbs « 


c*     pulls  out  of  a  dive* 

d*     accelerates  toward  the  earth* 
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Answer  to  frame  15:       /  b. 


X6 


mi 

Frame  17 


When  the  aircraft  goes  into  a  climb,  or  pulls  out  of  a  dive,  the  mass 
will  move  down  the  guides  and  cause  clockwise  rotation  of  the  pulley  system. 
The  pointer  assembly  will  move  toward  a  positive  "G"  Indication. 

Study  the  picture  (right)  and  check  the  correct  answer  to  the  statement 
below. 

The  aircraft  Is; 

 a.     accelerating  away  from  the  earth. 


J).     going  into  a  climb,  or  pulling  out  of  a  dive. 


c.     going  into  a  dive,  or  pulling  out  of  a  climb* 


d.     in  level  flight. 


Answer  to  frame  16:       /  d. 


17 


Frame  18 

The  string  and  pulley  assembly  transfers  the  movement  of  the  mass  to 
the  main  pointer  shaft  (e) .  The  main  pointer  will  move  whenever  the  mass 
moves . 

Check  (/)  the  letter  that  identifies  the  correct  answer. 

The  purpose  of  the  string  and  pulley  assembly  is  to  transfer  movement 
of  the: 

a.     main  spring. 

 ^b.     hair  spring. 

 c.  guides. 

 d.     mass  to  the  main  pointer  shaft. 


Answer  to  frame  17;       /  c. 


18  . 


Frame  19 


The  auxiliary  plus  and  minus  pointers  are  restricted  to  turning  in  one 
direction  only.    That  is.  the  plus  pointer  «111  only  move  up  and  the  negative 
pointer  will  only  move  down.    A  ratchet  and  pawl  assembly  (refer  to  picture 
below)  for  each  pointer  limits  the  turning  in  one  direction. 


Check  (/)  the  letter  below  that  identifies  the  correct  answer. 

After  the  aircraft  has  performed  a  +3"G"  maneuver,  and  returned  to  level 
fUght.  the  main  pointer  should  indicate  +r'G."  and  the  auxiliary  positive 
pointer  should  indicate  a: 

a.  +1"G" 


c.  0"G" 

d.  +2"G" 


Answer  to  frame  18: 


19  isso 


Frame  20 


The  auxiliary  negative  pointer  will  remain  at  the  maximum  negative 
reading  obtained  during  flight.    The  auxiliary  positive  pointer  will  remain 
at  the  maximum  positive  reading  obtained  during  flight* 

The  ratchet  and  pawl  assembly  will  hold  the  auxiliary  pointers  at  the 
maximum  readings  obtained  during  flight* 

Check  (/)  the  letter  that  identifies  the  correct  answer. 

The  unit  that  holds  the  auxiliary  pointers  at  the  maximum  reading 


is  the: 


main  spring* 


b. 


hair  spring  and  main  spring* 


mass  and  guides* 


ratchet  and  pawl  assembly* 


Answer  to  frame  19: 


/  b. 


/3V/ 

Frame  21 

Pushing  the  reset  knob  located  on  the  front  of  the  instrument  lifts  the 
pawls  froDL  the  ratchets^  allowing  the  hair  springs  (attached  to  the  ratchets) 
to  pull  the  auxiliary  pointer?  back  to  +1'*G." 

What  two  things  happen  when  the  reset  knob  is  pushed? 

^    a.      The  pawls  are  removed  from  the  ratchets. 

 b.     The  hair  springs  are  wound  up  and  the  pawls  are  lifted. 

c.  The  pawls  are  lifted  from  the  ratchet  and  the  hair  springs 
pull  the  auxiliary  pointers  back  to  +1"G." 

d.  The  hair  sorlngs  and  main  spring  are  wound  up. 


Answer  to  frame  20:       /  d. 


^382 

21  • 


Frame  22 

A  locking  knob  I  located  on  the  rear  of  the  InsCrumenC  case^  locks  the 
weight  in  place  for  shippings  handling  and  storage*    This  prevents  damage 
to  the  mass  and  indicating  mechanism*    During  installation^  inspection  and 
during  an  operational  check  of  the  accelerometer^  be  sure  the  mechanism  is 
unlocked. 

Note:  The  newer  types  of  accelerometers'  (MA^^l,  etc*)  will  not  have  a 
locking  knob* 

Check         the  letter  that  identifies  the  correct  answer* 

The  purpose  of  the  locking  knob  (if  indicator  has  one)  is  to: 

 ^a*      lock  the  mass  for  flight  ♦ 

b«      unlock  the  mass  only  during  a  prefllght  inspection* 
 ^c.      lock  the  mass  for  shipping  and  handling* 


d*      reset  the  main  pointer* 
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Answer  Co  frame  IXt       /  c. 


22 


/3y3 

Frame  23 

The  accelerometer  requires  very  little  utalntenence.    However,  an  Inspectloa 
check  and  a  limited  operational  check,  normally  made  by  the  pilot  during  the 
prefllght  Inspection,  can  be  performed. 

Check  (/)  the  letter  that  Identifies  the  correct  answer. 

What  checks  can  be  made  on  the  accelerometer? 

a.      Functional  and  prefllght  checks* 
 b.     Prefllght  and  operational  checks. 

c.      Operational  and  Inspection  checks, 
 d.      Inspection  md  prefllght  checks. 

'J 


Answer  Co  frame  22:       /  c. 


23 


Frame  24 


The  inspection  of  the  accelerometer  will  be  a  visual  one.    Checks  will 
be  made  for  cleanliness  of  cover  glass;  coyer  glass  for  cracks;  range  markings 
for  proper  limits^  chips  and  discoloration:  alignment  of  index  mark;  pointers 
set  to  +1**G"  or  within  the  listed  tolerance;  and  security  of  mounting  and  lock 
knob  (if  Instrtiment  has  one)  for  being  unlocked* 

Check  (/)  the  letter  that  identifies  the  correct  answer* 

The  one  thing  that  will  NOT  be  checked  during  the  inspection  of  the 
accelerometer  ist 


ja.,     correct  "G"  range  of  Instrument* 


b- 


pointers  set  to  a  +1'*G"  indication* 


range  markings  for  proper  limits* 


d* 


security  of  mounting  of  the  Instrument* 


Answer  to  frame  23; 


/  c* 


24 


Frame  25 


The  operational  check  of  the  accelerometer  Is  a  check  to  see  If  the 
Indicator  Is  functioning  properly  and  within  tolerance*    This  check  consists 
of  checking  the  Indicator  for  alignment  of  all  pointers  at  -t-1'^6'^  or  within 
tolerance^  ^en  push"to-*set  knob  Is  pushed*    Freedom  of  movement  of  push- 
to-^set  knob  when  It  Is  pushed  should  also  be  checked* 

Check  (/)  the  letter  that  Identifies  the  correct  answer* 

During  an  operational  check  the  accelerometer  Is  checked  for: 

a*      security  of  mounting* 
-      ^  b*      auxiliary  pointers  moving  to  their  maximum  *'G"  Indication* 

c*      proper  functioning  and  operation  within  tolerances* 

d*      limits  of  range  markings* 


Answer  to  frame  24 :       /  a* 

Note:  If  the  Instrument  fails  to  operate  properly  it  should  be  replaced 
with  a  serviceable  one* 

Note:    Before  proceeding  to  Section  '*B'*  (frame  26),  ask  your  Instructor 
for  the  examination  covering  Section  '*A*** 

Answer  to  frame  25:       /  c* 

i38e 


fit  Ttig  Dtvlci  and  Inic/Hc  Cone  Branch 
Chanuci  ktif  Illlnola 


3ABR32S31*WS-402 
6  March  1978 


INSPECTION  AND  OPERATIONAL  CHECK  OF  THE  ACCELEHOHETER 

ECIIVE 

Given  a  worlcbook*  ceac  equlpmenc  and  componenca*  perform  an 
Inipecclon  and  operational  check  of  flight  Inecruoancs  with  a  mlnlntsit 
o€  lOOZ  accurate  workbook  r^sponaea^ 

EQUIPMENT 

Bests  of  leaua 
AcceleromeCer  Indicator  1/acudent 

PROCEDURE 

Vlaually  Inapect  the  accelerometer       ^^^^  ^  checkmark  (/)  In  the 
•eclafactory  column  under  YES  or  NO  In  accordance  with  your  findings* 


luapact  for: 

1,     Clean  cover  glass 

2*     Cover  glass  intact 

3«     Palnc  on  dial  for; 

a*  Cracks 

b ,  Discoloracloa 

4«     Place  locking  knob  on  back  of  indicator  to 
"UNLOCKED. " 

5.  Security  and  proper  mounting  (aircraft  only) 

6.  Ch^ck  range  marking  decals  for; 

a*     Discolorati(m»  cracked  or  chipped 
bt     Proper  lixits  (aircraft  only) 

7.  Check  slippage  mark 

8*     Pointers  set  on  +1  "G'*  (tolerance  0*1"G") 


[SATISFACTORY 


YES 


NO 


Superseded     3ABR32531-tfS-302»  21  June  1974, 
OPRt    3360  TCHTG 
DISTRIBUTION:  X 

3360  TCHTG/TTGU-F  «  200;  TTVSA  -  1 

Deelgned  for  ATC  Course  Uea  Oitly.    Do  Hbt  Use  on  the  Job< 
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PMfotm  «n  op4r«tlontl  chtck  of  the  tcc«letQMter.    Htka  t 
chickMTk  (i^  In  th«  •Atlnfactoty  column  under  YES  or  NO  In 
Accordmci  with  your  finding*. 


Note>    If  the  Indlcacor  hei  one*  the  locking  knob  should  be 
In  the  unlocked  position. 

Check  for; 

1^     Holding  the  Indicator  upright  and  level  the  main  pointer 
should  read  -hl'*G'*  (tolerance  O.L  '^G'*). 


SATISFACTORY 

YES 

HO 

2*     Botate  the  Indicator  180*  (upside  down)  and  levels  the 
«aln  pointer  should  read  *1  '*G*'  (tolermce  o.l  '*G**)* 


SATIS  FACXOKir 

YES 

HO 

3.  Holding  the  Indicator  upright  and  level  the  auxiliary  pointers 
should  return  to  H-1*'G**  when  the  Push-TO^Sec  knob  la  pushed. 


SATISFACTORY 
YES    I  HO" 


Kotet  Be  sure  to  lock  the  accelerometer  prior  to  returning 
It  to  itorage. 
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PROGRAMMED  TEXT 


3ABR32531-PT-303 
3ABR32632B-PT-403 


Technical  Training 


Avionics  Instrument:  Systems  Specialist 
Integrated  Avlonlc  Systems  Specialist 


OPERATIOH  OF  FLIGHT  DATA  RECORDERS 


CHANUTE  TECHNICAL  TRAINING  CENTER  (ATC) 
3360  Technical  Training  Group 
Chanute  Air  Force  Base,  Illinois 


DESIGHED  FOR  ATC  COURSE  USE 
DO  NOT  USE  ON  THE  JOB 


16  January  1979 


rOAM  214  (JAN  74)       OttSOLSTCS  ATC  FOAMS  214,  MAY  63.  SSSrfidV^  AHO         MAY  7t,  STAHDAftO  CDVCftSHEfiT 


FOREWORD 

This  programmed  text  has  been  prepared  for  use  in  the  3ABR32531, 
Avionics  Instrument  Systems  Specialist  Course  and  the  3A£R32632B» 
Integrated  Avlonlc  Systems  Specialist  Course* 

OBJECTIVE 

Without  references »  Identify  facts  pertaining  to  the  purpose^ 
operation  and/or  characteristics  of  flight  data  recording  systems  with 
a  minimum  accuracy  of  80%* 

INSTRUCTIONS 

This  programmed  text  presents  Information  In  small  steps  called 
**framaa.*'   After  reading  the  information  In  each  frame  you  are  asked 
to  select  en  answer  or  make  an  entry  that  shows  that  you  understand 
the  Information  In  that  frame*   After  completion  of  the  programmed  text^ 
you  will  be  required  to  complete  an  eppralsal  designed  to  test  your 
knowledge  of  the  Information  contained  herein.    Read  each  frama  In  this 
programmed  text  carefully  and  be  sure  you  understand  each  frame  before 
proceeding  to  the  next.   DO  NOT  RUSU«    If  you  do  not  understand  any 
portion  of  this  programmed  text»  ask  your  Instructor  for  assistance* 
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iSSC 


Frame  1 


In  recant  years  the  Air  Force  has  had  an  Increase  In  the  loss 
of  aircraft  due  to  structural  failures*  Costly  losses  £uch  ad  these 
louer  the  mission  readiness  and  stress  the  need  for  a  system  t^lch 
will  assure  structural  soundness*  With  this  In  mind,  the  Aircraft 
Structural  Integrity  Program  (ASXP),  as  governed  by  APR  60^13,  was 
established* 

The  Intent  of  ASXF  Is  twofold;  the  purpose  of  the  prograin  Is  to 
establish  aircraft  structural  Integrity,  structural  crlterlsi,  and 
tecbnlques  of  operational  usage,  while  the  scope  of  ASXF  Is  to  coordi- 
nate and  provide  guidelines  for  all  structural  actlvlcles  for  a  given 
aircraft  from  design  date  to  phaae  out* 

Check        the  statements  below  for  the  correct  answer* 

1.     The  purpose  of  ASXF  is  to 

^^a*     establish  aircraft  structural  Integrity,  criteria,  and 
techniques  of  operational  usage. 

b,     add  more  aircraft  to  the  Air  Force  Inventory* 

,  c^     monitor  all  aircraft  communication* 

d*     iii5>rove  existing  aircraft  performance* 

2*     The  scope  of  ASXF  is  to 

a*     check  the  accuracqr  of  fligjit  data* 

b,     provide  information  of  flight  tests* 

c*     m:>niuor  flight  data  for  short  test  periods  on  experimental 
aircraft* 

d^     coordinate  and  provide  guidelines  for  structural 
activities  for  a  given  aircraft  from  design  date  to 
phaae  out* 
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Framtt  2 

To  accomplish  the  objectives  of  ASXP»  accurate*  complete  and  tliuBly 
flight  Information  muzt  be  available  for  analysis.    In  order  to  gather 
this  flight  Information*  the  Air  Force  has  adopted  the  usa  of  flight 
data  recording  systems.    Because  of  the  nuokber  of  aircraft  and  locations 
involved^  the  flight  data  recorders  will  be  kept  operational  by  base 
level  maintenance* 

This  FT  will  deal  with  two  types  of  flight  data  recording  systems 
that  you  may  be  required  to  maintain.    The  tvo  systama  discussed  in  this 
text  are  the  VGH  recording  system*  (Flight  Data  Recorder)*  which  will  be 
covered  first,  and  the  multichannel  recording  system  (Airborne  Signal 
Data  Recorder),  which  will  be  covered  in  detail  in  the  second  part  of 
the  PT. 

m  RESPONSE  REQUIRED 


Answers  to  Frame  1:    1.     .  /   a.   b. 


c. 


2.  a.  b.  c. 
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Frame  3 

The  VGH  recording  system  (Flight  Data  Recorder)  consists  o£  the 
following  three  components: 

I4  VCH  recorder  *  processes  Inputs  of  Velocity^  £ravlty  and 
Height* 

2»  Servo  AcceleromaCer     senses  gravity  (vertical  acceleration), 

3»  Tape  Magazine     records  Inputs  on  a  toagnetlc  tapa* 

As  Integral  parts  of  the  VGH  recording  aystam,  these  components 
will  be  discussed  In  more  detail  in  the  naxt  several  frames  of  this 
text* 


ELECTItJCAL  INPUTS 

Figure  1» 


Check  (/)  the  correct  statement  below* 

What  are  the  components  of  the  VGH  flight  data  recording  system? 

a»  Accelaromater»  recorder  and  tape  magazine* 

b*  Accel erometar^  computer  and  recorder* 

c*  Computer^  recorder  and  tape  magazine* 

d*  CompuCeri  tape  magazine^.,  and  accelerometer* 


n$3 


Frame  4 

The  VGH  recorder  (Flight  Data  Recorder)  consists  of  a  shock 
mounted  chassis  which  contains  a  power  module,  two  removable  pressure 
transducers,  and  a  removable  computer  module*    The  recorder  unit 
receives  inputs  of  indicated  static  pressure  (psi)  and  total  pressure 
(?t)  from  the  aircraft's  pitot-static  system*    These  inputs  are 
applied  to  the  transducers  as  shown  in  figure  2*    The  pneumatic 
Inputs  are  converted  to  an  electrical  signal  which  Is  sent  to  the 
computer  module*    The  servoaccelerometer  supplies  an  input  directly 
to  the  computer  module  in  the  form  of  an  apalog  DC  voltage*  The 
computer  module  then  processes  and  converts  these  inputs  into  binary 
number  outputs  and  sends  them  to  the  tape  magazine.    The  tape  magazine 
receives  these  binary  number  inputs  and  records  the  processed  data  on 
a  magnetic  tape. 


Static  pmSSum 
TOTAL  pmssurc 


VOH  RCCOROCR 


AlSOLUTE 
PRCSSUM 
TIANSDUCER 


'/////////// /y 


OlMERCNTlAt 

PRCSSURE 
TKANSDUCER 


COMPUTER 
MODULE 


TAPE 
MAGAZINC 
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Figure  2. 

Check  (/)  the  following  statements  which  best  answers  the 
question. 

What  is  the  purpose  of  the  VGH  recorder? 
a. 


To  receive  pneumatic  and  analog  inputs  and  compute  them 
into  binary  numbers. 

_^b.     To  compute  only  inputs  from  the  accelerometer  into 
analog  output. 

_c.     To  provide  a  feedback  to  the  computer. 

_d.      To  energize  and  deenergize  the  servoaccelerometer  when 
computing  data. 


Answers  to  Frame  3: 


a. 


c . 
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Frame  5 


The  purpose  of  cha  servo  accalaroinetar^  locaced  near  tha  alrcrafc^s 
canter  of  gravity,  la  to  sanaa  the  gravitational  forcaa  (6*8)  acting 
upon  tha  aircraft* 

Tha  aarvo  accalarometar  will  sand  a  DC  analog  voltage  proportional 
to  the  gravitational  forces  (G's)  to  the  VGH  recorder  computer  modula* 
The  computer  module  processaa  the  DC  anelog  voltage  Input  and  transmlte 
a  binary  number  output  to  che  tape  magazine  for  recording. 

Chack  (^)  the  correct  atatemant  below* 

What  le  the  purpoae  of  the  servo  accaleromater? 

at     To  measura  the  aircraft's  center  of  gravity* 

)3t     To  feed  a  DC  enelog  voltage  to  the  tapa  magazine, 

c>     Sense  the  grevltatlonaX  forces  acting  upon  the  aircraft, 

 Sense  the  altitude  of  tha  elrcraft  above  sea  level* 


Answer  to  Frame 


ms 

Fraioe  6 

The  tape  magazlaa  Is  a  completely  salf-contalnad,  harmatically 
sealed  unit*    the  magazine  receives  binary  data  from  the  recorder  unit 
and  records  this  informatioii  on  a  magnetic  tape* 

The  tape  magazine  has  an  indicator  that  shows  the  amount  of  tape 
remaining  in  hours*    Its  range  is  from  99  (full)  to  00  (empty)*    As  the 
tape  reaches  00  indication*  further  tape  movement  is  halted  as  the  cape 
transport  mechanism  locks*    The  tape  magazine  is  Chen  removed  and  a 
fresh  tape  magazine  installed  in  its  place* 

Check  (v^  Che  best  answer* 

The  tape  magazine  vill  do  what? 

St     Fly  the  aircraft  in  case  of  power  failure* 

b*     Function  as  a  self-contained  tape  recorder* 

c*     Function  as  a  computer* 

 ^d*     Function  as  a  self-contained  power  supply* 


Answer  to  Frame  5:  a*   b*       /   d* 
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Frame  7 


A  data  plate  l3  mounted  on  the  shell  of  the  tape  magazine  to  giv& 
Information  about  the  tapa  magazlna  Installation  such  as  dates,  type 
of  alrcrafti  squadron,  etc.    A  view  of  a  common  data  plate  Is  ahown  In 
figure  3. 


tlWIUrT  tTXTION*  ON  •OUjiONON  Q 
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Figure  3. 

Check  (v^  which  of  the  following  statements  Is  tru«. 

ja«     The  tape  magazine  la  a  elf-*  contained  and  hermetically  sealed. 

b.     The  tape  magazine  has  a  tape  remaining  Indicator  that  shm^s 
the  remaining  tape  In  feet  and  Inches. 


c.     Tape  magazine  data  Is  found  on  the  s^ata  plate. 


Answer  to  Frame  6:   ^a. 


Frame  8 


Tha  recording  dystem  records  the  vertical  acceleration  (G)  peaks 
sensed  at  the  aircra£t*s  center  of  gravity  during  flight*    As  G  peaks 
are  recorded^  the  indicated  airspeed  (V)^  altitude  (H)  and  elapsed  tiioa 
for  each  is  also  recorded  on  the  same  tape* 

The  magnetic  tape  is  contained  in  a  quick- detachable  magazine 
which  i*s  removed  for  playback  on  the  ground*    A  playback  of  the  tape 
indicates:    (1)  tha  6  peaks  sensed  during  flight »  (2)  the  indicated 
airspeed  and  altitude  of  the  aircraft  when  each  6  peak  occurred »  (3) 
the  elapsed  tlsia  each  happened* 

Check  (A  the  statement  which  answera  the  question  best* 

1*     What  la  the  purpose  of  the  tape  magazine? 


^a*     To  record  all  flight  data* 

b*     To  record  6  peaks  along  with  altitude^  indicated  airspeed 
and  elapsed  time* 

^c*     To  record  only  6  peaks»  indicated  airspeed^  and  correct 
GHI  time  in  hours  and  minutes* 

d*     To  record  G  peaks»  airspeed^  and  altitude  of  takeoffs 


2t     What  is  the  purpose  of  the  flight  data  recorder  systems? 
^  a.     To  record  operational  flight  data* 

b*     To  keep  up  on  pilot's  abilitiea* 

c*     To  maintain  shop  records* 
 d.     To  assist  pilot  in  flyiag  his  aircraft* 


Answers  to  Frame  7:       / .  a*   b,       /  c> 


and  landings* 
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Frame  9 


The  VGH  recorder  and  sarvo  accelaromecar  are  checked  on  cha  flight 
line  using  the  TTU-226/E  te^t  set*    The  test  set  hook-up  is  shown  In 
figure  4* 


TTU'^22ft/E 

MtCOMCll 
tf  ST  KT 


<WT*UT 


TO  tl9V  400  Htt 


TO  21  VOC 


Figure  A» 

Notet    AXw^s  use  a  technical  order  ^en  performing  checks  on  the 
system4    Be  sure  to  perform  the  steps  In  sequence*    Do  not  skip 
any  steps  because  the  test  equipment  may  easily  be  damaged  along 
iTlth  the  flight  data  recorder  syetem* 

Check  (A  statements  which  best  deecrlbe  the  purpose  of  the  4 
TTU-226/E  taster* 

a*  To  supply  Inputs  and  monitor  outputs  ♦ 

_  ^  To  supply  inputs* 

c^  To  supply  outputs* 

 ^d.  To  monitor  inputs  and  supply  outputs* 


Answers  to  Frame  8:  1* 

2. 


a* 


/  b. 


b. 


c» 


d. 
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Frame  10 

The  tape  magazine  cannot  be  checked  on  the  aircraft »  it  muet  be 
removed  and  taken  to  the  shop*    It  Is  checked  In  the  shop  with  same 
type  of  teeter^  the  XTU*'226/E  and  a  dual  trace  oscilloscope*  The 
hook*up  for  bench  checking  of  the  tape  magazine  is  shown  in  figure  3. 
If  the  tape  magazine  Is  bad»  It  muet  be  replaced  with  a  fresh  magazine 
while  the  bad  one  Is  aent  to  the  depot  for  repair* 
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Figure  5. 


Chack  (/)  the  correct  statamant. 

Which  of  these  testers  are  used  to  check  the  tape  magazine? 

 ^a.      The  m-229/E, 

 J>,      The  ITU-226/D, 

 c.      The  TTU-226/E, 

 ^d.      The  'rnJ-229/D, 


Answer  to  Frame  9:       /   a.  c.   d. 
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Frame  IX 

To  properly  understand  ehe  flight  data  recorder »  you  must  be  able 
to  reed  binary  numbers .    When  reading  binary  numbers  you  will  see  only 
e  0  (zero)  or  a  1  (one)  in  each  column.   A  sample  binary  number  Is  shown 
In  figure  6*    Theee  columns  are  read  from  right  to  left.    The  first 
column  Is  the  decimal  1*  the  next  Is  the  decimal  2.    This  can  be  con- 
tinued by  doubling  the  decimal  number  as  you  go  on.    Look  at  figure  7. 
To  reed  this  nuzsber^  all  you  would  have  to  do  Is  place  decimal  numbers 
above  eech  column^  from  right  to  left»  doubling  the  decimal  numbers  as 
you  go  to  the  next  column*    Add  the  decimal  nuzsbers  that  have  a  1  (one) 
In  their  column.    This  gives  you  the  total  decimal  number.    In  other 
words»  there  Is  one  1|  no  2^  no  4»  one  8»  and  no  16.    Thle  makes  a  total 
of  9.    Look  at  figure  8  and  find  the  decimal  of  the  binary  00011.  You 
can  ses  that  one  1  and  one  2  makes  a  total  of  3* 


Figure  6. 


,f  ,f,?,l,i  .         1  +  0+  0+  8+  0=  9 


Figure  7. 


J6  a  4  2  t 


1  '  1  ■  1  ■  1  'i '  t      >  +  a  +  0  +  ( 

3  +  1 

1  '  '     1  1 

Figure  8. 

Check  W)  the  true  statament(3)  below. 
a*     The  binary  for  3  Is  00001. 
,b.     The  binary  for  7  is  00111. 
,  c.     The  binary  for  8  Is  01001. 
Answers  to  Frame  XO:    1*   ^*   b*    ,,../.  c.   d. 


Frame  12 


The  multichannel  recorder  system.  Airborne  Signal  Data  Recorder, 
of  ASIP  is  somewhat  more  complex  than  the  Flight  Data  Recorder  discussed 
earlier  in  the  programmed  text*    As  an  example  of  a  multichannel 
recorder  system,  this  section  of  the  text  will  cover  the  F-111 
Airborne  Signal  Data  Recorder  system* 

This  airborne  signal  data  recording  system  consists  of  electrical 
system  sensors  that  provide  input  information  from  selected  points 
throughout  the  aircraft*    The  recorder  set  will  process  the  aircraft 
data  as  supplied  by  the  sensors*    A  tape  magazine  will  record  the  data 
on  a  thirty  (30)  track  magnetic  tape-    The  magazine  is  equipped  with  a 
tape  remaining  indicator  that  shows  the  hours  of  tape  available  for  use 
through  a  window  display* 

In  the  airborne  signal  data  system  all  inputs  to  the  recorder  are 
electrical  inputs  as  provided  by  the  aircraft  sensors*    These  inputs 
are  processed  and  converted  to  binary  number  outputs  to  the  tape 
magazine  for  recording  purposes* 

Check  (/)  the  most  correct  answer* 

1*      How  many  recording  channels  does  the  airborne  signal  data 
recorder  have? 

 ^a.      Five  channels* 


b*      Thirteen  channels* 


c*  Thirty  channels* 
_d*      Forty  channels* 


2*  What  are  the  electrical  signals  from  the  sensors  converted  to? 
a.      Trinomial  numbers* 


b.      Decimal  numbers* 


c*      Binomial  numbers* 


d-      Binary  numbers- 


3-  What  type  sensors  are  used  by  the  Airborne  Signal  Data  Recorder? 
a-      Pneumatic  sensors* 


b*      Pneumatic  and  electrical  sensors- 


c.      All  electrical  sensors* 


d* 


Binary  sensors* 
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Frame  12  CcontM) 


Check  (/)  the  most  correct  answer, 

4*     What  does  the  window  display  on  the  multichannel  recorder 
set  indicate? 

a.  The  number  of  feet  of  tape  available  for  use, 

_b.  The  number  of  hours  of  tape  used, 

_c.  The  number  of  hours  of  tape  available  for  use, 

d.  The  number  of  feet  of  tape  used. 


Answers  to  Frame  11;  /   b,   ^c,   ^d. 


Frame  13 

There  are  thirteen  senaor  units  Involved  In  the  F*lll  airborne 
signal  data  recording  sydCem*    Some  of  these  sensor  unlca  have  multiple 
outputs^  for  example^  the  central  air  data  computer  provides  three  outputs 
which  are  used  by  Che  recorder.    Ewn  thou^  the  central  air  data  computer 
provides  three  outputs^  It  is  considered  one  single  sensor  unit* 

Following  are  the  thirteen  sensor  units. 

1*  WXNGSWEEP  TBANSHITTER  »  Converts  mechanical  position  of  the 
wings  to  an  electrical  signal  of  degrees  that  is  sent  to  the  recorder. 

2.  FLAP  POSITION  TRANSMITTER  •  Converts  mechanical  position  of 

the  flape  to  an  electrical  signal  of  degrees  that  is  sent  co  the  recorder. 

3.  HORIZONTAL  TAIL  TRANSMITTEHS  -'Converts  mechanical  position 
of  left  and  right  horizontal  tall  surfaces  into  electrical  signals  of 
degrees  and  sends  them  to  the  recorder. 

4.  RUDDER  POSITION  TRANSMITTER  -  Converts  mechanical  position  of 
rudder  in  degrees  left  and  degrees  right  which  Is  sent  to  the  recorder* 

5.  SPOILER  POSITION  TRANSMITTER  -  Converts  mechanical  position 
of  each  spoiler  to  an  electrical  up  or  down  signal  which  is  then  sent 
to  the  recorder* 

6.  LANDING  GEAR  SWITCH  *  A  switch  located  on  the  main  strut  will 
send  an  electrical  signal  to  the  recorder  indicating  landing  gear  up  or 
landing  gear  down* 

7.  LANDING  GEAR  PRESSURE  TRANSDUCERS     Converts  pneumatic  pressure 
In  the  landing  gear  struts  to  an  electrical  signal  for  use  by  the  recorder. 

TRIAXIAL  LINEAR  ACCELERO^TER  *  Sends  signal  proportional  to 
the  aircraft  acceleration  along  longitudinal^  lateral^  and  vertical  axes. 

9,      FLIGHT  CONTROL  SENSOR  SET  -  Ralays  roll>  yaw,  pitch  rates  to 
the  recorder  In  the  form  of  electrical  signals. 

10.  CENTRAL  AIR  DATA  COMPUTER  -  Supplies  electrical  signals  of 
mach  number»  AOA  (angle  of  attack)^  and  altitude  to  the  recorder. 

11.  SINK  KATE  RADAR  SET  -  USed  when  the  landing  gear  Is  down  during 
landings  for  an  accurate  reading  of  altitude  o£  thirty  feet  or  less* 

The  set  will  generate,  transmit,  and  receive  a  microwave  signal  using 
an  antenna  which  is  an  Integral  part  of  ths  receiver- transmitter  unit. 
The  electrical  sink  rate  signal  is  then  sent  to  the  recorder, 

12.  TOTAL  TEMPEBATURE  INDICATOR  -  Will  relay  an  electrical  signal 
of  outside  air  temperature  to  the  recorder. 

13.  FUEL  FLOW  IMDICATORS  -  Sends  an  electrical  signal  relating  to 
the  fuel  consumption  of *each  individual  engine  during  the  flight. 


1404 


Match  the  aenaor  unit  with  their  respective 
signal* 


SENSOR  tmiT 

^1*     Flap  position  traasstltter 

Ji*     Trlaxlal  linear  accelerometer* 

_^3*     Fuel  flow  Indicators 

Ji«     Central  air  data  contputer 

^5*     Horizontal  tall  transiaittsrs 

^6*     Landing  gear  pressure 
trans ducers 

7. 


Total  teiDperatiire  Indicators 

^8*  Spoiler  position  transmitter 

_9*  Landing  gear  switch 

_^10.  Sink  rate  radar  aet 

JLl*  Wlngswesp  transmitter 

JL2*  Flight  control  ast 

13*  Rudder  position  transmitter 


a* 
b* 
c* 

d* 

e» 
f* 

h. 
1* 


Frame  13  Continued 
electrical  output 

SIGNAL 

Sends  signal  pertaining 
to  fuel  conauEnptlon* 

Dsgrees  left  and  right 
of  center  of  the  rudder* 

Position  of  wings  in 
degrees  * 

Yaw^  roll  and  pitch 
rates* 

Altitude  readings  of 
30  feet  or  las8» 

Landing  gear  up  or  down* 

Outside  air  temp«sratura* 

Pressure  in  the  landing 
gsar  struts* 

Altitude,  mach  number, 
AOA* 

Position  of  each 
spoiler* 

Position  of  the  flaps 
in  degrees* 

Acceleration  along 
longitudinal,  lateral^ 
and  vertical  axes* 


m*     Position  of  tall  surfaces. 


Answers  to  Frame  12:  1* 

2* 
3. 


a. 

b. 

/ 

c. 

d. 

a. 

b. 

c. 

/  d. 

a. 

b. 

/ 

c. 

d. 

a. 

b. 

/ 

c. 

d. 
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Frame  14 


Whan  the  tape  magazine  laaves  tha  aircraft »  It  Is  inserted  Into  a 
tape  to  tap.e  coplar*    The  data  on  the  tapa  of  the  tapa  ntagazlne  Is  trans** 
ferrad  to  a  standard  reel.    After  this  Is  accomplished »  the  used  magnatlc 
tape  1$  erased  and  replaced  In  the  aircraft.    The  tapad  standard  reel  la 
sent  to  base  aupply  where  It  I3  air  mailed  to  a  central  facility  for 
procaaalng*    Tha  processed  data  Is  than  usad>  along  with  the  aircraft 
forms»  by  the  aircraft  buildar  to  update  fatigue  analyals, 

Tha  updatad  fatlgua  analysis  affects! 

1,  Pradlctlons  of  flaet  sarvlce  life, 

2,  Scheduling  of  structural  modification, 

3,  Detamdnatlon  of  oalntenance  Inspactlon  raqulremants  for 
aircraft  structure, 

4,  Headquartars  USAP  structural  planning. 

In  ef£act»  the  infonsatlon  I3  used  to  determine  and  correct  troubles 
before  they  occur^  the  ol^  concept  of  preventative  maintenance  still 
applies* 

NO  BESPONSS  ItEQUIRED 


Answers  to  Frame  13;  ^  It       1    2,  a  ^  3,       i   ^*       q  ,  5.       h  ^  6. 

it    7 ,       j    8 ,  £    9 ,       e    10 ,     _  c  .  1 1 , 
d   12,       b  13, 
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Frame  15 


In  case  of  an  accident,  these  magnetic  tapes  are  used  to  monitor 
the  flight  andt  In  a  sense^  act  as  a  witness  to  the  crash^    In  the 
example  shown  in  figure  9,  a  C-141  was  four  minutes  and  eleven  seconds 
into  its  flight  when  It  began  to  descend  rapidly*    Mote  the  aircraft^s 
rate  of  descent  beginning  at  seven  seconds  prior  to  Impact*    Also  note 
the  extreme  6  forces  sensed  upon  impact* 


m  RESPONSE  REQUIBED 


Answor  to  Frame  10: 


/  c* 
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FOREWORD 

This  programmed  text  was  prepared  for  use  in  the  3ABR32531  course. 
This  text  was  validated  using  31  students  from  the  subject  course.  At 
least  90  percent  of  the  students  achieved  the  approved  objectives  as 
stated.    The  average  time  tc  complete  the  text  was  6  hours  and  47  minutes. 

OBJECTIVES 

1.     Without  references,  identify  facts  pertaining  to  the  operation 
and/or  cha     ^'"eristics  of  air  data  computer  systems  with  an  accuracy  of 
at  least  80^. 

INSTRUCTIONS 

This  programmed  text  consists  of  three  sections^    Section  A  covers 
the  operation  of  the  Central  Air  Data  Computer^    Section  B  covers  the 
operation  of  the  amplifiers  and  indicators  used  in  the  system^    Section  C 
Is  designed  to  provide  you  with  practice  circuit  tracing  and  circuit 
analysis.    K^ch  section  presents  information  In  small  steps  called 
"frames"*    After  reading  the  information  in  each  frame,  you  are  to 
answer  the  questions  by  following  the  instructions  in  each  frame. 
Check  the  accuracy  of  your  responses  by  looking  at  the  correct  answers 
given  after  ahe  following  frame*    If  you  choose  the  wrong  response,  go 
back  and  read  the  frame  again.    Read  the  material  carefully  and  DO  NOT 
HURRY* 


Supersedes  3ABR32531-PT-304,  3ABR32632B-PT-404,  l\  August  1976. 
OPR;     3360  TCHTG 
DISTRIBUTION;  X 

3360TCHTG/TTGU-F  -  200;  TTVSA  -  1 


SECTION  A 


This  part  of  the  text  will  be  dealing  vlth  the  Central  Air 
Data  Computer  of  the  FB-lllA  aircraft.    This  computer  Zs  similar 
to  the  AIMS  computers,  CPU-46/A  and  CFU-66/A. 

The  computer  receives  pneumatic  Inputs  from  the  pltot-^statlc 
systemt  a  temperature  Input  from  a  temperature  probe  mounted  outside 
the  aircraft  and  a  signal  of  angle-of-attack  from  the  angle-of- 
attack  transmitter.    A  wing  sweep  sensor  sends  a  signal  to  the  computer 
for  wing  sweep. 


These  inputs  are  computed  and  various  output  functions  are 
transmitted  electrically  to  the  using  systems  or  subsystems  on  the 
aircraft.    Outputs  of  thj&  computer  are  used  by  the  following  systems 
or  subsystems:    marker  beacon*  terrain  following  radar*  flight  director* 
landing  e^ar  warning^  flight  controls*  altitude  vertical  velocity 
Indicator  and  alrspeed-mach  indicator.    The  true  airspeed  indicator* 
engine  bleed  air  ejector*  engine  spike*  caution  lamps*  environmental 
controls*  converter  set*  Inertial  navigation  and  visual  attack  set 
also  use  signals  from  this  computer. 

So  as  you  can  see*  the  Central  Air  Data  Computer  is  a  very  ii?portant 
piece  of  equipment  on  the  aircraft.    Your  responsibility  of  maintaining 
this  equipment  is  critical  to  aircraft  operations.    Therefore*  you 
must  understand  the  purpose*  operation  and  functions  of  the  Central 
Air  Data  Computer  (CADC). 

No  Response  Required 


If 


Ul2 


Frame  1 


When  studying  any  equipment,  the  first  step  is  to  learn  the 
purpose  and  get  this  firmly  in  your  mind.    After  that,  the  operation 
will  just  supplement  the  purpose. 

The  purpose  of  the  Central  Air  Data  Computer  is  to  compute 
and  transmit  surrounding  air  data  to  various  aircraft  systems  and 
subsystems* 

Circle  the  number  that  identifies  the  correct  answer* 

The  purpose  of  the  Central  Air  Data  Computer  is  tot 

1.     Measure  the  characteristics  of  the  air  surrounding  the 
aircraft. 

2*     Measure  the  immediate  atmosphere  through  which  the  aircraft 
is  flying* 

3.     Compute  and  indicate  the  speed  and  altitude  at  which  the 
aircraft  is  flying. 

4*     Compute  and  transmit  surrounding  air  data  to  various  aircraft 
systems  and  subsystems* 


1^13 

4 


Frame  2 

The  CADC  consists  of  a  primary  ADC  and  a  secondary  ADC.  They 
are  Individually  mounted  on  a  common  shock  mount  assembly  (see  figure  1). 
The  primary  and  secondary  computers  are  electrically  Interconnected 
and  electrically  and  pneumatically  connected  to  the  aircraft^  The 
CADC  system  Is  connected  to  the  aircraft  by  five  receptacles  and 
two  pressure  ports  located  on  the  front  panel  of  the  shock  mount 
assembly.    The  pressure  ports  are  different  In  diameter.    This  prevents 
crossing  the  static  and  total  pressure  lines.    The  CADC  Is  an  analog- 
type  computer.    It  solves  iiK)St  of  Its  computations  with  differentials 
and  cans* 


Figure  I4    Central  Air  Data  Computer. 
Circle  the  number(s)  that  Identify  the  correct  answer(s). 


What  type  computer  Is  used  In  the  FB-111  aircraft? 

1.  Digital. 

2.  Analog. 

3.  Digital  to  analog. 

4.  Analog  to  digital. 

Answer  to  frame  1:  4 


Frame  3 

In  your  study  of  the  Central  Air  Data  Computer  System*  It  Is 
of  utmost  Importance  that  you  learn  certain  terms  and  symbols*  All 
Inputs  and  outputs  of  the  computer  system  are  Identified  by  these 
symbols*    In  order  to  understand  this  system^  you  must  become  familiar 
with  them*    Throughout  this  programmed  text,  you  will  find  that 
as  each  oajor  component  Is  discussed,  the  terms  and  symbols  that 
are  pertinent  to  that  component  will  be  used  and  discussed* 

Below  Is  a  list  of  abbreviations  and  symbols  for  the  major 
components  of  the  Central  Air  Data  Comi)uter  System* 


CABC  Central  Air  Data  Computer 

ADC  Air  Data  Computer 

Tl  Total  Temperature 

G  Unit  of  Measurement  of  Gravity 

CADCS  Central  Air  Data  Computer  System 

AMI  Airspeed  Mach  Indica*-or 

oc   1  Indicated  Angle-of-Attack 

Psi  Indicated  Static  Pressure  (Uncorrected) 

AWI  Altitude  Vertical  Velocity  Indicator 

Fill  in  the  blanks  in  the  following  statements  with  the  correct 

terms  and/or  symbols* 

1*   Central  Air  Data  Computer 

2*   Air  Data  Computer 

3*   Total  Temperature 

A*   Indicated  Angle-^of-Attack 

5*  Altitude  Vertical  Velocity  Indicator 

6*   Airspeed  Mach  Indicator 

7*   Central  Air  Data  Comt>uter  System 


Answers  to  frame  2:  2 


Frame  4 

The  following  is  a  list  of  primary  inputs  and  outputs  of  the 


CADC. 

1. 
2, 
3, 
4. 


CAJ)C  OUTPUTS 
M  -  Mach 

dp  -  Wing  Sweep  Angle. 

Hp  -  Pressure  Altitude. 

Hp;  Hp^;  Hpr  -  Pressure  Altitude  Rate. 
(Rate  of  Climb) 


CADC  IWPUTS 

1.  Fsl  -  indicated  static 

pressure. 

2.  Pt  <Qc+Ps)  -  total  pressure. 

3.  Tl  -  total  temperature. 

4.  1  -  indicated  angle 

of  attack. 

-A—  -  wing  Sweep  angle.  - 


5. 


5.  Tfat  -  True  Free  Air  Tetoperature. 

6.  Vc  -  Calibrated  Airspeed. 

7.  <a<i  T  -  True  Angle-of-Attack. 

8.  Vt  -  True  Airspeed. 

(Ref:    Figure  2,  CADC  Data  Flow  Block  Diagram) 

Match  the  numbered  f.tems  on  the  left  to  the  lettered  items  on  the  right 
by  writing  the  letter  of  the  definition  beside  its  correct  symbol: 


1,. 

4.  _ 

5.  _ 

6.  _ 
7,, 
8.. 

11. 


Pt  <Qc+Ps) 

Vt 
Hp 
M 


a. 


Mach 


  psi 

_  Hp 

_  Tfat 
_  Vc 

  T 

Answers  to  frame  3:  I*  CADC  2. 
5*    AWI         6.    AMI         7.  CADCS 


b*  Calibrated  Airspeed 

c*  True  Free  Air  Temperature 

d*  Wing  Sweep  Angle  (1^*^  to  72*^) 

e*  Pressure  Altitude 

f.  Indicated  Angie-of-Attack 

g.  Indicated  static  pressure 

h.  Total  Pressure. 

i.  True  Angle-^of-Attack 
j  *  True  Airspeed 

k*  Pressure  Altitude  Rate 

AlfC  3.    Ti  c<i 
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Figure  2.    CADC  System  Data  Flow  Block  Diagram* 


Frame  5 


You  now  know  the  inputs  and  some  of  the  outputs  of  the  CADC.  Use 
figure  2  CADC  Data  Flow  Block  Diagram  and  trace  the  inputs  to  the 
CADC*    Also  use  figure  2  and  trace  all  the  CADC  outputs  to  their 
destinations. 

1.      Circle  the  following  symbols  that  are  inputs  to  the  CADC. 


a. 

Psl 

b. 

c. 

Ti 

d. 

e. 

Pt 

f. 

Tfat 

2,      Circle  the  following  units  that  send  signals  directly 
to  the  AMI* 

a.  CADC. 

b.  Vertical  accelerometer. 

c.  OL  ±  XMTR 
d*  TI  XMTR. 

e.  AWI  Amplifier. 

f.  Hp  Self-Test. 

g.  MSMA. 

3*      The  total  temperature  probe  supplies  Ti  signal  to  ,  

units. 

a.  2. 

b.  3. 

c.  4. 
d*  5. 


9  ^419 


Mark  the  following  statements  true  or  false. 


4. 

True  Airspeed  indicator  receives  Vt  from  the 

AMI  amplifier. 

5. 

The  AMI  receives  Vt  from  the  CADC. 

6. 

The  wing  Sweep  transmitter  receives  -v^*  from 

the  CADC. 

7. 

Hpr  is  a  symbol  for  rate-of -climb. 

Vc  is  a  symbol  for  calibrated  airspeed. 

9. 

MSM  is  max-safe-Mach. 

Answers  to  frame  4:  1.  h  2.  f  3.  j  4.  k  5.  a 
6.    d        7.    g        8.    e         9.    c        10.    b         11.  i 


h20 
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I37f 


Frame  6 

Now  that  you  are  familiar  with  the  data  flow  of  the  CAJDC,  let's 
discuss  the  purpose  and  operation  of  the  units  and  components  that 
make  up  Che  system*    The  first  is  the  angle-of-attack  system.  The 
purpose  of  the  angle-of-attack  system  is  to  measure  the  angle  of  air 
flow  relative  to  an  arbitrary  referenca  line  on  the  aircraft  fuselage^ 
and  provides  a  visual,  indication  of  aircraft  angle-of^attack.  The 
angle-of-attack  transmitter  (XMTR)  is  located  on  the  left  rear  elec- 
tronics bay  door.    This  sensing  element  (see  figure  3)  protrudes  into 
the  free  airstream  around  the  fuselage.    Movement  of  the  sensor 
operates  a  mechanism  (Pots)  within  the  transmitter.    The  ADA  XMTR 
transmits  A  i  signals  electrically  to  the  CADC,    The  CAJDC  computes 
and  transmits   ^    T  signals  to  the  AMI  and  the  AOA  indexer  lights. 


BODY 

DOWEL  PIK  (2' 


PROBE 
(ROTATES 
50  DEGREES) 


AIR  SLOT  (2) 


ELECTRICAL 
COKHECTORS 


Figure  3.    Angle-of -Attack  Transmitter  (ALPHA  PROBE). 
Circle  the  nuinber(s)  that  identify  the  correct  answer(s), 
The  purpose  of  Che  AOA  system  is  to: 

1,      Indicate  the  altitude  of  the  aircraft. 

2-     Measure  the  angl^  of  air,  flow  relative  to  an  arbitrary  reference 
line  on  the  aircraft  fuselage,  and' provide  a  visual  indication  of 
aircraft  angle-of-attack. 


11 


M     1  y  J   d  w"^  i^J 


/37<? 

3,  Detect  relative  wind  by  means  oE  differential  air  pressure 
through  a  series  of  ports  or  slots  located  in  the  front  of  the  probe. 

4,  Measure  the  angle  between  the  aircraft  water  line  and 
the  direction,  of  air  flow  around  the  AOA  transmitter  and  provides 
a  visual  indication  of  aircraft  angle-of-attack. 


Answers  to  frame  5'. 
5.    F         6.  F 


a,  c,  d,  e 
r         8.  T 


a,  b,  g 
T 


3. 


r3 
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Frai&e  7 


The  angle-of-attack  indexers  (see  figure  4)  provide  a  visual 
indication  of  the  corrected  AOA. during  the  landing  approach.  The 
cockpit  contains  two  angle-^of-ettack  indexers.    The  indexers  are 
mounted  on  each  side  of  the  glareshield.    Each  indexer  contains  three 
angle-of-attack  lamps  vertically  arranged  in  a       a  center  circle 
and  an  inverted  V.    The  indexers'  lights  operate  only  when  the  landing 

gear  handle  is  down*    They  receive     oc      T  signals  from  the  CADC*  During 
landing  approach,  the  upper  V  will  light  if  the  angle-of-attack  is  high* 
The  center  circle  will  light  when  the  correct  angle-of-attack  is  obtained* 
The  lower  inverted  V  will  light  if  the  AOA  is  low*    Marginal  overlap  of 
signals  may  cause  the  center  circle  and  upper  or  Icwer  V  to  be  lighted 
at  the  same  time* 


UPPER  'V" 


CENTER  CIRCLE 


INVERTED  "V 


INDEXER 

AOA 

LITES 

TAPE 

V 

0 

+11.5' 

0 

+  ?0' 

0 

^ 

+  9* 

A 

+  8*  + 

Figure  4.    Angle--of-Attack  Indexer. 

Circle  the  number(s)  that  identify  the  correct  answer(s). 

During  approach  to  landing,  with  the  landing  gear  in  the  up  position, 
the  pilot  observes  a  4*10**  reading  on  the  AOA  tape.    Which  of  the 
following  indexer  lights  will  be  illuminated? 

I,      The  upper  V  will  be  illuminated. 

2*      The  center  circle  will  be  illuminated. 

13 


3.     The  Inverted  V  vlll  he  Illuminated, 
Ho  Indexer  lights  will  be  on. 
Answer  to  frame  6;  2 


1^4 
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Figure  Angle-of-Attack. 

Angle-of-attack  systems  are  installed  In  Air  Force  aircraft  to 
present  visual  Indications  of  the  best  aircraft  performance  and  for 
stall  warning*    They  are  primarily  used  during  the  approach  and  land-^ 
Ing  phases  to  verify  airspeed  calculations  or  indications,  and  to 
avoid  exceeding  high  or  excessive  angles-of-attack.    Stalls  (loss 
of  lift  due  to  the  separation  of  air  from  the  wing  r.erodynamic 
surface),  spins,  high  sink  rates,  and/or  pitch  up  which  are  normally 
associated  with  low  airspeeds,  are  the  results  of  excessive  angles*- 
of-attack. 

Stall  warning  systems  nay  consist  of  rudder  pedal  vibrators, 
control  column  or  control  stick  vibrators,  warning  ^i^^ht.  and  aural 
warning  tones  in  the  headsets  or  any  combination  of  these*  These 
systems  coupled  with  the  indexer  lights  and  angle-of-*attack 
indicators  warn  the  pilot  ,to  take  corrective  measures  to  avoid 
entering  a  stall,  spin,  high  sink  rate,  and/or  pitch  up  conditions* 

No  Response  Required 
15 


^425   


/3$3  ■ 

Frama  9 

The  total  temperature  probe  senses  the  temperature  of  the  air 

hulunal'^Jo'JhMori'^  I'  eleccrlc^Uy%ls'its 

this  signal  to  the  total  temperature  indicator  and  the  CADC  In 
flight,  the  forward  motion  of  the  aircraft  forces  air  into  the  total 
temperature  probe  opening  (see  figure  5),     Inside  the  J^obe  the 
air  passec  over  two  senslnc  elements      Tr  i-t.™  *  prooe,  tne 

smaller  outlet  ports  at  th!  ^acT'^he'  robl?  "^^1^""'' 
a":sita"rJhfn:iT^'  ^temperature  changf .  ^^is'causes 

L  ele^rLaUv  JfansmltlL'r    J'  =^^"8^  resistance 

rhe  r^^r      ?hi^  transmitted  to  the  total  temperature  indicator  and 
the  CADC.    The  probe  is  electrically  heated  for  anti-icing  purposes 


AIR  FLOW 


Figure  5,    Total  Temperature  Probe. 
Circle  the  nuii>ber(s)  that  identify  the  correct  answer(s) 
The  total  temperature  probe 

1.  has  two  sensing  elements. 

2.  senses  total  pressure  (ram  air). 
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3.  mechanically  transmits  temperature  signals 

4,  has  an  anti-icing  system^ 
Answer  to  frame  7:  4 
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Figure  6*    Total  Temperature  Indicator. 
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TEMPERA TUHE 
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TO  CADC 


TOTAL 
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INDICATOR 


Ti  >  153. 3*C 


Tti  214, 3*C  OR 
SEC  TO  CO  - 
1  ±  1  SECONDS 


TOTAL 
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CAUTION 
UKP 


REDUCE 
SPEED 
WARNING 
LAMP 


Figure  7.    Total  Temperature  Data  Flow  Diagram* 


18 


The  total  temperature  indicator  displays  the  temperature  of 
the  air  sensed  by  the  total  temperature  probe.    The  indicator,  shown 
in  figure  6,  provides  total  temperature  readings  from  -50*C  to  +250*'C, 
The  indicator  has  index  marks  at  153, 3*C  critical  temperature  and 
214. 3*C  maximum  temperature*    The  total  temperature  circuit  consists 
of  a  remote  temperature  probe,  a  bridge  circuit,  signal  amplifier 
and  a  motor  that  drives  the  indlcator'pointer.    The  total  temperature 
data  flow  Is  shown  in  figure  7* 


No  Response  Required 


Answers  to  frame  9:    1,  A 


Fraraa  11 

The  critical  temperature  range  is  from  153. 3^*0  to  214»3**C.  The 
aircraft  should  not  fly  in  this  temperature  range  for  more  than 
300  seconds  because  to  do  so  might  be  harmful  to  the  aircraft •  Whenever 
the  aircraft  flies  in  the  critical  temperature  range  for  300  seconds^ 
a  timer  causes  a  reduce  speed  warning  lamp  to  light  and  the  total  temp 
light  to  go  out.    The  pilot  then  must  reduce  airspeed  to  allow  the 
temperature  to  decrease  to  a  3afe  level.    The  reduce  speed  warning  lamp 
will  also  light  anytime  the  maximum  temp-iratwre  of  214. 3*C  is  reached. 
The  time  totalizing  counter  starts  timing  whenever  the  critical 
temperature^  153»3*C  is  reached.    The  counter  counts  down  from  300 
seconds  to  2ero  seconds*    It  causes  a  total  temperature  caution  lamp 
to  light  at  298  ±  2  seconds.    If  the  temperature  remains  above  153, 3*C 
for  300  t  X  second,  the  reduce  speed  lamp  lights,  and  the  total 
temp  light  goes  ou^, 

Mark  the  following  statements  T  for  true  or  F  for  falss. 


1,      When  the  total  temperature  is  173,3''C  and  the  timer  has 
been  counting  for  198  seconds,  che  reduce  speed  lamp  will 
be  lit* 


2* 


3* 


The  total  temperature  is  above  215*C- 
lamp  will  be  lit* 


The  reduce  speed 


After  the  toti^l  temperatare  has  been  at  143, 3^*0  for  20 
seconds,  the  '  ,^tal  temperature  lamp  will  be  lit* 


Ans 


'^0 
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Frame  12 


The  maximum  safe  mach  assembly  (MSMA)  computes  the  maximum  safe 
pjach  number  ac  which  the  aircraft  can  fly  without  exceeding  temperature 
or  structural  llmitationst    The  MSMA  receives  input  signals  from  the 
central  air  data  computer.    It  then  transmits  a  computed  signal  to  the 
airspeed^mach  indicator  and  tue  reduce  speed  lamp*    The  MSMA  performs 
che  same  function  as  the  maximum  allowable  section  of  the  maximum 
allowable  airspeed  indicator  covered  earliert    The  MSM^  receives  Mi 
Hp,  Tfat  and  Log  Ps  +  -.^^     from  the  CADC  (receiver  figure  2),  Using 
clie  above  Inputs,  the  MSMA  computes  the  max  speed  the  aircraft  may  fly 
at  any  altitude*    The  outputs  of  the  MSM/l  are  applied  to  the  maximum 
5afe  mach  bar  in  the  AMI  and  to  the  reduce  speed  lamp*    If  the  actual 
flight  mach  is  greater  than  the  MSM,  the  following  will  occur: 


1«     MSM  bar  will  move  above  the  lubber  line  on  the  AMI, 

2*      28V  DC  will  be  applied  to  the  reduce  speed  lamp  and  the 
lamp  will  glow. 

Circle  the  number(s)  that  identify  the  correct  answer(s). 
The  purpose  of  the  MSMA  is  to 

1.  indicate  the  maximum  safe  mach  the  aircraft  can  fly. 

2.  compute  the  maximum  safe  mach  the  aircraft  can  fly. 
3*     measure  the  maximum  safe  mach  the  aircraft  can  fly. 

4.      position  the  MSM  bar  above  the  lubber  line  on  the  AMI. 


Answers  to  frame  11;    It    F       2,    T       3,  F 
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Frame  13 

i 

Ihe  self-test  circuit  that  is  built  into  the  CADC  is  designed  for 
prtiflight  testing  and  troubleshooting  the  CADC  system  in  the  aircraft 
on  the  ground*    The  circuit  provides  a  means  of  checking  the  computa- 
tion and  servo  accuracy  of  the  CADC.    Self-test  can  be  done  ^'rom  either 
the  cockpit  or  the  front  panel  of  the  CADC*    The  CADC  HICH-OFF-LOW 
sxjitch,  when  placed  in  either  the  HIGH  or  LOW  position,  energizes  self- 
test  relays.    These  relays,  when  energized,  bypass  the  Psi  and  Pt 
transducers,  the  total  temperature  probe  and  the  anglfr-o£-attack 
transmitter.    The  self-test  relays  allow  preselected  values  of  Psi,  Pt, 
Ti  and  c?c  i  to  be  fed  to  the  computing  section  of  the  CADC.    The  CADC, 
if  operating  properly,  computes  known  values  for  mach,  altitude  indi- 
cated airspeed,  etc*    These  values  are  displayed  on  the  AMI,  AVVI  and  the 
true  airspeed  indicator.    The  values  that  are  displayed  for  both  HIGH 
and  LOW  self-test  are  listed  in  figure  8*    To  perform  self-test  from  the 
front  panel  of  the  CADC,  hold  the  PRESS  TO  TEST  switch  and  the  HI-OFF- 
LOW  SELF-TEST  switch  in  either  the  Hi  or  Lo  position*    Actuation  of  the 
two  switches  causes  the  CADC  to  compute  and  transmit  signals  to  the 
indicators*    The  AMI,  AVVI  and  TAS  will  position  to  the  known  values 
listed  in  figure  8  for  either  HIGH  or  LOW  self-test. 


SELF-TEST  VALUES  CADC  SYSTHK 


Tapes  or  Indicator 

CADC 

SELF-TEST 

INSTRUMENT  SELF-TEST 

High 

Tol* 
+or- 

Low 

Tol- 
+or* 

Instruments 

Tol* 
+or- 

ADA 

G 

M 

iO* 

*75 

7* 

*75 

AMt 

2,3  M 

.05 

.4  H 

2^44  M 

,01 

Vc 

493  Kts 

X2 

153  Kts 

11 

SOO  Kts 

10 

Vertical  Velocity 

ClitDbing  or  Diving 
to  40,000  FPM 

AWI 

Sensitive  Altitude 

60,000* 

130 

2,  lOO* 

130 

74,000* 

150 

Cross  Altitude 

60,000' 

130 

2*000' 

130 

74,000' 

150 

TAS 

True  Airspeed 
Indicator  (TAS) 

134S,8  Kts 

13 

157,6  Kts 

13 

Figure  8* 
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Circle  the  number(s)  that  identify  the  correct  answer(s). 

When  the  self-test  relays  are  energized,  which  of  the  following 
preselected  signal  values  are  being  fed  to  tlie  computing  section 
of  the  CADC? 

1*        ck;  t>  Ps»  Pt  and  Kp* 

2.  Psi,  M>    c<  i  and  Pt. 

3*  Pt»  Psi»  Ti  and   o<  i. 

4*  Ti,  Psi,  Pt  and  Vc. 

Answer  to  frame  12:  2 
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Frame  14 


How  that  you  have  learned  about  the  Inputs  and  outputs  of  the  CADC^ 
and  also  the  CABC  self-test*  there  is  only  one  itsra  left  to  explain 
about  the  CADC.    This  item  is  the  CADC  system  monitor  circuits.  The 
purpose  of  these  circuits  is  to  show  the  pilot  or  technician  that  a 
trouble  exists  in  the  CADC  system.    The  monitor  circuit  performs 
this  function  by  lighting  a  CADS  lamp.    This  lamp  is  located  on  the 
caution  panel  in  the  cockpit.    Remember^  the  monitor  circuits  do 
not  indicate  that  a  malfunction  exists  in  a  certain  unit  such  as  the 
AMI  amplifier*  AVVI  or  the  CADC.    The  monitor  circuit  shows  only  that 
there  is  a  trouble  somewhere  in  the  CADC  system. 

No  Response  Required 

Answer  to  frame  13:  3 


2k 


Frame  15 

This  concludes  section  "A^"T>f  this  programmed  text.  Answer 
the  review  questions  at  the  end  of  this  frame  and  then  proceed  to 
section  "B'*  of  this  FT, 

Match  the  numbered  items  on  the  left  to  the  lettered  items 
on  the  right.    Write  the  letters  of  the  proper  definition  to  the 
left  of  its  term  or  symbol.    You  have  not  been  taught  all  these 
terms    and  symbols  before  this  time.    After  you  have  answered  the 
ones  you  know^  copy  the  answers  to  the  remaining  ones  from  the 
answer  key  at  the  bottom  of  this  frame.    Once  you  have  all  the 
correct  answers^  study  these  terms  and  symbols. 


1, 

Hp 

a. 

Angle-of-attack 

MSM 

b. 

Maximum  safe  mach  assembly 

3. 

Psl 

c. 

Wing  sweep  angle 

4. 

Pt  (Qc+Ps) 

d. 

Motor-Generator  unit 

5, 

Qcl 

e. 

Pressure  altitude 

6, 

f , 

Total  pressure 

7, 

fit. 

Indicated  differential  static  pressure 

8* 

Ps 

h. 

Altitude  vertical  velocity  indicator 

9, 

rs^  t 

i. 

Value  greater  than 

in 

A  Hn 

\ 

True  f r(*&  air  teniDdrature 

11. 

Vc 

k. 

Differential 

12, 

1, 

Calibrated  airspeed 

13. 

AMI 

m. 

Incremental  (Change)  pressure  altitude 

14. 

AWI 

n. 

True  static  pressure 

15, 

0, 

Indicated  static  pressure 

16.  

> 

Maximum  safe  mach 

17, 

< 

Rate  of  climb 

18. 

Vc 

r. 

Indicated  angle-of-attack 

19.  

Ti 

s. 

True  airspeed 

20, 

Tfat 

Antilogging  differential  and  cam 

25 


/3^3  ■ 

21.              ®  ~  ©       ^  Total  temperature 

22.             ^             V.  Value  less  than 

23^              -O-          w»  Airspeed  mach  indicator 

r  "  " 

24*            cS     d  True  angle-of-attack 

25*              Hp             y*  Amplifier 

26*      Identify  the  inputs  to  the  CADC  by  circling  the  correct 
letters  below: 

a.  oc    t  £.       o<  i 

b.  Vc    •  g. 

c*      Ps  +  Qc  h*  Vt 

d*      Pt  i.  Psi 

e*      Ti  j.  Hp 

27.      Identify  outputs  from  the  CADC  by  circling  the  correct 
outputs  below: 


a* 


oc    t  f.  Hp 


b,      Vc                                      g-  M 

c*      Pt                                      h.  oc  i 

d,  Ps  +  Qc 

e,  Vt                                     j*  Hp 

k.  MSM 

1.  Hp  + 

Answers  to  frame  15:     i,    e     2*    p       3,    0  4.    f        5,  g 

6.    b         7*    r        8*    n        9*    x        10,    m  11.    s         12,  a 

13*    w        14.    h        15*    c        16*    i  17-    v        18.    1  19- 

20-    j         21.    d         22*    k         23,    y  24-    t         25*  q 

26,    c,  d,  e,  f,  g,  i       27,    a,  b,  e,       g,  1 

APPRAISAL 
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SECTION  B 


OPERATION  OF  THE  AMI  AND  AVVI  AMPLIFIERS  AND  INDICATORS 


Frame  16 


The  altitude-vertical  speed  amplifier  is  shown  in  figure  10. 
It  serves  as  a  power  supply  and  amplifier  for  the  AVVI.    The  amplifier 
has  2ER0  SET  and  VAR  DAMP  screwdriver  adjustments.    The  ZERO  .SET 
adjustment  is  used  to  zero  the  vertical  speed  tape.    The  VAR  DAMP 
is  used  to  adjust  the  damping  of  the  vertical  speed  tape* 

The  airspjBed-mach  amplifier  is  shown  in  figure  9.    It  server 
as  a  power  supply  for  the  AMI.    It  amplifies  the  rnach^  calibrated 
airspeed,  maximum  safe  mach  and  the  true  an gle-of-^ attack  signals. 
The  amplifier  has  a  VAR  DAMP  adjustment  which  is  used  to  adjust 
the  damping  of  the  angle-of-attack  tape  on  the  AMI* 

The  accelerometer  transmitter  is  shown  in  figure  11*    It  supplies 
the  *'G"  force  signal  to  the  AMI*    This  signal  is  also  amplified  by 
the  airspeed-mach  amplifier. 


No  Response  Required 
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Frame  17 


The  Airspeed'-Mach  indicator  is  shown  in  figure  12.    It  is  located 
on  the  left  main  instrument  panel.    The  purpose  of  the  AMI  is  to  present 
vertical  indications  of  rf-T^       Macht  and  calibrated  airspeed 
information.    Below  the  moving  tapes  from  left  to  right  are  the 
acceleration  counter^  a  command  mach  counter^  and  a  command  airspeed 
counter.    The  electrical  signals  for  o^^eration  of  the  tapes  and  markers 
are  supplied  by  the  CASC,  MSMA  and  a  remote  accelerometer*    Power  for  the 
AMI  operation  is  supplied  by  the  115V  AC  system  through  the  AMI  ampli- 
fier.    If  loss  of  AC  indicator  power  occurs*  spring-^loaded  warning  flags 
marked  OFF  will  appear.    The  OFF  flags  will  appear  across  the  mach 
indicator  scale  and  airspeed  scale. 


acceleratiok  tape 


AKGLE  OF  ATTACK  TAPE 


riXED  IKD£X  LIHHS 


COKMAKt)  »ACH  BARKER 


MAXIMUM  ALtX)WABL£ 
l^ACH  MARKER 


ACCELERATIOW 
READOUT  tflWOOW 


COMMAKD  »ACH 
SLEWING  SWITCH 


COMMAND  AIRSPEED  ^lARfCER 
POWER  OFF  FUG 


AIRSPEED  WAAKIKG  FLAG 
ACH  TAPE 

AHSPEED  TAPE 


CUMMAKD  AIH^iPEED 
READOUT  Wl>'nOK 

*-COMMAKD  MACH  READOUT  WINDOW 


COMMAKD  AIRSPEED 
SLEWIWG  SWITCH 


Figure  12.    Airspeed-Mach  Indicator, 
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Circle  the  letter(s)  that  identify  the  correct  answer(s). 

The  purpose  of  the  airspeed  indicating  section  is  to  indicate 
I,      True  airspeed, 

2*      True  airspeed  and  command  airspeed. 

3.  G,  Mach,  and  calibrated  airspeed  information* 

4.  Maximum  allowable  airspeed  and  calibrated  airspeed. 


1 
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Frame".  18 


The  Mach  tape  in  the  center  of  the  AMI  indicates  true  Mach 
numbers*    The  Mach  number  is  shown  on  a  moving  tape  and  is  read 
against  the  fixed  index*    The  tape  is  Cc,j.ibrated  In  hundredths 
and  shows  numbers  in  tenths  from  0i4  through  3.0.    At  speeds  below 
Mach  0,4,  the  tape  will  continue  to  read  0,4,    A  command  Mach 
marker  and  a  command  Mach  counter  Indicate  the  manually  selected 
command  Mach«    The  command  Mach  marker  remains  at  the  top  or  the 
bottom  of  the  display  column  until  the  selected  command  Mach  conies 
into  view  on  the  Mach  tape.    At  this  time,  the  /narker  will  synchronise 
and  move  with  the  reading  on  the  tape.    The  selected  command  Mach 
is  numerically  displayed  in  the  command  Mach  readout  window  at  all 
times*    The  command  Mach  setting  is  controlled  manually  by  the 
command  Mach  slewing  switch*    Whan  selecting  a  command  Mach  number, 
slewing  speed  is  controlled  by  the  amount  you  move  the  slewing  switch 
from  its  center  position,  ^ 

Circle  the  number(s)  that  identify  the  correct  answer* 

The  command  Mach  is  set  into  the  AMI  byj 

1.     An  electrical  signal  from  the  CADC* 

2*      An  automatic  signal  from  a  ground  station. 

3*     The  Instrument  repairman  before  takeoff* 

4,      Manually  depressing  the  slew  switch  on  the  bottom  center 
of  the  A:4I* 

Answer  to  frame  17:  3 
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Frame  19 


Maximum  safe  Mach  Is  shown  by  a  striped  maximum  allowable  Mach 
marker.    The  marker  normally  rests  at  the  bottom  of  the  Mach  dlsj^lay 
column.    When  the  maximum  allowable  speed  is  approached,  the  marker 
will  move  up  towards  the  Eixed  index  line*    Anytime  the  striped  marker 
is  above  the  fixed  index  line,  the  reduce  speed  warning  light  will 
come  on.    The  pilot  should  decrease  speed  because  he  is  exceeding 
the  design  limits, of  the  aircraft*    The  maximum  allowable  Mach 
marker  is  operated  by  electrical  signals  from  the  MSMA*   .  _^ 

Circle  'the  number(s)  that  identify  the  correct  answer* 

The  AMI  receives  the  MSM  signal  ^*rom: 

1.      The  command  Mach  slew  switch* 

2*      the  Mach  section  of  the  CADC* 

3*      The  AWI  amplifier* 

4.     The  max  safe  Mach  asseiii>ly^ 

Answer  to  frame  18:  4 
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Frame  20 


Refer  to  figure  13  as  you  study  this  frame. 


The  airspeed  tape  on  the  right  column  of  the  AMI  indicates 
calibrated  airspeed.    A  moving  tape  is  read  against  a  fixed  index. 
Ihe  tape  is  marked  in  10-knot  increments.    It  has  numerals  at  ear:h 
20-knot  Increment  to  200  knots  and  50*-knot  increments  from  200  through 
1000  knots.    The  airspeed  tape  is  driven  by  electrical  signals  from 
the  CADC.    If  there  is  a  signal  failure  from  the  CADC,  the  airspeed 
warning  flag  marked  OFF  will  appear  across  the  airspeed  tape. 
Ihe  command  airspeed  marker  and  a  command  airspeed  counter  readout 
tfinaov  below  the  tape  show  selected  command  airspeed.    Command  air- 
speed is  set  by  the  command  airspeed  slewing  switch  under  the 
ccHomand  readout  window.    Iher  comtiiand  airspeed  marker  remains  at  the 
top  or  the  bottom  of  the  display  column  until  the  selected  command 
airspeed  comes  into  view  on  the  moving  tape.    At  this  time*  the 
marker  will  synchronize  with  the  airspeed  tape  and  a*ove  with  the 
reading  as  shown  In  the  counter  readout  vindow.    If  the  pilot  desires 
a  continuous  digital  presentat?.on  of  his  calibrated  airspeed,  he  may 
place  the  slewing  switch  into  the  detent  position.    Whon  the  slew 
switch  Is  in  detent,  the  command  airspeed  marker  will  align  with  the 
fixed  index  and  remain  there.    The  readout  window  will  display  a 
continuous  digital  readout  of  calibrated  airspeed  during  flight. 


it 


Complete  the  matching  questions  using  figure  13. 
numbers  from  the  figure  in  their  proper  spaces. 


Place  the 


Answer  to  frame  19;  A 


PI 

m 
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1.    AIRSPEED  MACK  INDICATOR 

Nota?    Match  the  numbered  Items  In  figure  13  to  the  state- 
ments below*    Sane  numbers  may  be  used  more  than  once 
while  some  may  not  be  used  at  all* 


a.   Indicates  aircraft  true  angle  of  attack. 

b.   Indicates  "G"  loading  on  the  aircraft. 

c.   Indicates  aircraft  Mach  number* 

d.   indicates  aircraft  calibrated  airspeed. 

e.   power  OFF  flag* 

f*   airspeed  warning  flag* 

g.   Indicates  command  Mach  referenced  on  a  tape. 

h.   tiv^xlmum  safe  Mach  marker* 

1*  displays  a  digital  readout  of  coinmand  Mach* 

j.   fixed  line  against  which  roach  tape  Is  road* 

k.   displays  command  airspeed  In  a  digital  readout* 

1*   controls  comme*nd  airspeed  counter  manually* 

m*   operates  command  Mach  marker^ 

n*   displays  a  digital  readout  of  aircraft  "Gs"* 

o.   Indicates  command  airspeed  referenced  on  a  tape* 


1415 


So      JTg       0*3  a    '  ri«K-  ti-o 


Frame  21 


Nov  lec's  go  back  and  trover  Che  important  points  of  the  AMI. 
First,  the  overall  purpose  of  the  AMI  is  to  display  vertical  indications 
of  angle-of-attack,  "Gs'*,  mach  information  and  calibrated  airspeed 
information. 

The  angle-of*attack  section  displays  aircraft  angle-of-attack 
information  referenced  to  a  fixed  index  line*    The  input  is    <^  t 
from  the  CADCt 

The  acceleration  section  displays  "G"  loading  on  the  aircraft, 
referenced  to  a  fixed  index  line*    A  plus  one  (+1)  "6"  is  the  normal 
pull  of  gravity*    The  input  of  "Gs**  is  supplied  by  the  remote  accelerometer 
transmitter* 

The  mach  section  displays  mach  information  in  the  form  of  aircraft 
mach  number,  command  mach  and  maximum  safe  mach*    Inputs  are  supplied 
from  the  CACC  and  the  MSMA. 

The  airspeed  section  displays  calibrated  airspeed  from  SO  to 
1000  knots*    The  input  of  Vc  comes  from  the  CACCt    A  command  airspeed 
marker  and  counter  displays  command  information* 

Circle  the  number  of  the  correct  statements  belov* 

1*      The  purpose  of  the  AMI  is  Co  display  vertical  indications 
of  Vc,  M,  "G"s,  Hp  and  altitude* 

2,  The  angle-of-attack  section  receives  an  input  of    ^  t  from 
the  CADC* 

3.  The  Mach  section  displays  Mach  information  in  the  form  of 
aircraft  Mach  number,  command  Mach  and  maximum  safe  Mach* 

4*      The  acceleration  section  indicates  aircraft  "G"  loading* 

5.      The  purpose  of  the  AMI  is  to  display  vertical  indications 
of  angle-'of-'attack,  *'Gs*\  mach  information  and  calibrated  airspeed 
informa tion. 

6*      The  inpt.t         t  goes  to  the  angle-*of-*attack  section  of 
the  AMI. 

7«      Inputs  to  the  Mach  section  are  supplied  by  the  MSMA  only. 

8*     The  range  of  the  calibrated  airspeed  tape  is  SO  to  1000 
knots. 

9,      The  AMI  displays  digital  command  indications  of  Mach  and 
calibrated  airspeed. 

10.      The  input  of  the  *'G'*  section  is  supplied  by  the  remote 
accelerometer  transmitter. 
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Frame  22 


Refer  to  figure  14  as  you  read  this  frame* 

Xhe  altlCude^verclcal  velocity  Indicator  Is  mounted  on  the 
left  main  instrument  panel*    The  purpose  of  the  Altitude  Vertical 
Y^^i^rity  Indicator  Is  to  display  vertical  Indications  of  altitude 
vertical  velocity  Infonaatlo^    The  indicator  contains;  The 
^^tlcal  velocity  indicator,  vernier  and  sensitive  altitude  tapes 
and  gross  altitude  Information* 

I 

The  AWI  also  has  a  barometric  pressure  readout  window  and 
harometrlc  pressure  set  knob.    It  also  has  two  command  altitude 
markers  with  a  single  counter  readout  wfndow,  and  a  slewing  switch 
for  manual  selection  of  the  command  altitude.    The  Indicator  Is  powered 
by  single-phase,  115V  AC,  400  Hz  power.    It  Is  Internally  lighted* 
Electrical  signals  for  operating  the  moving  tapes  and  markers  are 
supplied  by  the  CADC  system.    The  digits  In  the  readout  window  are 
set  manually.    In  the  event  of  CADC  failure  or  AC  power  failure  to 
the  indicator,  a  spring-loaded  warning  flag  marked  OFF  will  appear 
across  the  sensitive  altitude  tape. 


VERTICAL  VELOCITY  MOVING  TAPE 
VERTICAL  VELOCITY  MOVING  INDEX 
GROSS  ALTITUDE  SCALE 
VERTICAL  VELOCITY  FIXED  SCALE 


ALTITUDE  WARNIN'G  FLAG 
REFEKENCE  LIKES 
SENSITIVE  ALTITUDE  TAPE 
COMMAND  ALTITUDE  MARKER 


VERTICAL  VELOCITY  MOVING  TAPE 


COMMAN'D  ALTITUDE  READOUT  WINDOW 
BAROMETRIC  PRESSURE  READOUT  WINDOW 

COMMAND  ALTITUDE  SLEWING  SWITCH 
BAROMETRIC  PRESSURE  SET  KNOB 


Figure  14.    Altitude-Vertical  Velocity  Indicator, 
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Circle  the  number  that  identifies  the  correct  answer, 


The  purpose  of  the  altitude  vertical  velocity  indicator  is  to 
give  a  vertical  presentation  of: 

1.  Altitude  and  speed  information. 

2.  Altitude  and  attitude  information. 

3.  Altitude  and  vertical  speed  information. 

4.  Speed  and  vertical  velocity  information. 
Answers  to  frame  21:     2.  3.  A.  5.  6.  8,  9  and  10 


Sift* 


Frame  23 


Refer  to  figure  14  as  you  read  this  frame. 

The  vertical  velocity  scales  are  on  the  left  side  of  the  AVVI, 
The  vertical  velocity  scales  show  the  rate  of  climb  or  dive  of  the 
aircraft  in  feet  per  minute*    The  vertical  speed  rate*  up  to  ±  1500 
feet  per  minute*  is  shown  by  an  index  which  moves  up  or  down  beside 
a  fixed  scale.    The  scale  is  marked  in  100-foot  increments  from  0 
through  t  1500.    Rztes  in  excess  of  1500  feet  per  minute  (FPM)  are 
read  from  a  moving  tape  which  comes  into  view  at  the  appropriate 
end  of  the  fixed  scale*    This  moving  tape  is  marked  in  1000-foot  ■ 
increments  from  2000  through  40»000  FPM*    The  CADC  supplies  signals 
for  the  tape  and  index. 


Ho  Response  Required 


Answer  to  frame  22:  3 


Frame  24 


Still  refer  to  figure  14  as  yon  read  this  frame* 

The  altitude  scales  are  located  in  the  center  section  of  the 
indicator*    They  show  the  altitude  of  the  aircraft  above  or  below 
sea  level*    Aircraft  pressure  altitude  is  read  at  the  fixed  index 
lines  across  the  center  of  the  indicator*    The  vernier  altitude  tape 
is  marked  in  50-*foot  increments*    The  tape  has  numbered  markings 
every  100  feet  from  0  through  1000  feet*    The  sensitive  altitude  tape 
is  marked  in  500-foot  increments*    It  has  numbered  markings  every 
1000  feet  from  -1000  through  120,ffOO  feet.    Signals  for  the  vernier 
and  sensitive  altitude  tapes  are  supplied  by  the  CAOC*    A  command 
altitude  marker  on  the  sensitive  tape  and  command  altltucie  readout 
window  under  the  scale  indicate  manually  selected  command  altitudes* 
The  marker  and  digits  are  manually  controlled  by  the  slewing  switch 
under  the  readout  window*    Slewing  speed  is  proportional  to  the 
movement  o£  the  slewing  switch  from  its  center  position* 

Mote:    The  command  altitude  marker  will  remain  at  the  top 
or  bottom  of  the  display  tape  until  the  selected  comman^i 
altitude  comes  into  view  on  the  altitude  scale*    At  this  time, 
it  will  synchronize  and  move  with  the  reading  on  the  scale* 
The  manually  selected  command  altitude  is  numerically  shown 
at  all  times  in  the  altitude  readout  window* 

Circle  the  number(s>  that  identify  Che  correct  statement*  Refer 
to  figure  14* 

Command  altitude  is  indicated  by  a: 

1.     B;  rometric  counter. 

Z*      Single-line  marker  on  the  gross  altitude  scale* 

3*      Double-line  marker  on  the  sensitive  altitude  tape* 

4*      Red  and  black  striped  marker  on  the  sensitive  altitude 


tape* 
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Frame  25 


The  barometric  pressure  is  set  Into  the  AVVI  by  a  set  knob  marked 
BARO.    The  knob  Is  on  the  lower  left  corner  of  the  Indicator.  B^ometrlc 
pressure  Is  displayed  In  the  readout  windCFW  which  is  located  above 
the  baro  set  knob.    The  baro  set  knob  is  used  to  perforin  an  altimeter 
setting  on  the  AWI.    The  altimeter  setting  is  performed  on  the 
vertical  scale  AVVI  the  same  as  you  performed  it  using  the  MA-*!  static 
pressure  altimeter* 

Circle  the  nuinber(s)  that  identify  the  correct  answer. 

The  barometric  pressure  set  knob  is  used  to  set  in  the 

1.      command  airspeed. 

2*      altimeter  setting* 

3'      command  mach* 

4,      command  altitude. 

Answer  to  frame  24;  3 
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m9 

Frame  26 


gross  altitude  scaU  (^^^-^^trs^typ^^tuidl 
.ig,t  side  =£  ths  AWI.  udr:^  i"»ft  against  a  gro.s 

scaU.    This  seals  sh="s  U  electrical  signals  £rom  the  C4I1C. 

altitude  scale.    It  Is  operated  by  ''''""^Jj   *j  f^et.    It  Is  num- 
Ihe  gross  altitude  scale       "'f^^^^J"  feet.    The  gross  altitude 

bered  every  1000  °       J^f ,       ar  to  the  one  used  with  the 

re:^,!tre  :i=rt  r  0=^^^^^^^^^^^ 

i:  r,TpejL:d"aC--H  rtl:irl"ltt.:.s  .ar.er  on  the  sensitive 

altimeter  tape* 

using  figure  U.  complete  the  matching  questions. 


Answer  to  frame  25:  2 


m3 


AVVI 

Figure  IS. 
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1-      ALTITUDE  VERTICAL  VELOCITY  INDICATOR 

Note;    Match  the  numbered  items  in  figure  15  to  the 
statements  belo*^.    Some  numbers  may  be  used  more 
than  once  while  some  may  not  be  used  at  all* 


a-   controls  command  altitude  markers « 

b*   should  display  existin*^  sea  level  pressure, 

movable  reference  for  the  vertical  velocity 
section* 

d*   fixed  5cale»  gross  altitude. 

e*   indicates  rate  of  clini>  above  1,500  FPM* 

f*   reference  lines  for  sensitive  altitude* 

g*   vernier  altitude  tape* 

h,   altitude  warning  flag* 

i*   sensitive  altitude  tape* 

i*   displays  a  digital  readout  of  command  altitude* 

k*   used  to  correct  for  changes  in  local  barometric 

pressure. 

I*   indicates  command  altitude  against  the  tapes* 

fixed  scale  for  vertical  velocity* 
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1111. 

Frame  27 
Review : 

Statements  1  through  10  are  completion-type  questions.  <^i^<^J^ 
the  correct  answer  to  the  following  statements.    Some  statements  have 
more  than  one  correct  answer. 

1,  The  AMI  indicates 

a.  "G"  forces. 

b.  calibrated  airspeed. 

c.  vertical  velocity. 

d.  minimum  safe  speed. 

2.  The  angle-of-attack  tape 

a.  receives  an    <i^T  signal  from  the  computer. 

b.  furnishes  the  pilot  with  approach  information, 
furnishes  the  pilot  with  altitude  information. 

d.      receives  an  Hp  signal  from  the  computer. 

3,  "G"  forces  are  displayed 

a.  on  a  moving  tape. 

b.  on  a  fixed  scale. 

c.  as  a  command  Indication. 

d.  on  a  counter. 

4.  When  switch  number  8  in  figure  13  is  depressed,  the 
a»      command  Mach  marker  is  put  in  motion. 

b.  Mach  safe  marker  is  put  In  motion. 

c.  Mach  counter  will  rotate. 

d.  Mach  tape  will  be  put  in  motion. 
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5.  The  command  markers         digital  readouts 

a.  are  positioned  manually. 

b.  operate  only  In  the  data  link  mode. 

c.  must  always  read  the  same. 

d.  can  be  positioned  only  by  a  switch. 

6.  The  Mach  safe  marker 

a.  receives  its  signal  from  the  CADC. 

b.  receives  Its  signal  from  the  MSMA. 

c.  Is  read  against  the  lubber  line. 

d.  Is  prevented  from  driving  beyond  the  field  of  view 
by  3  synchro. 

7.  The  signal  for  the  vertical  velocity  section 

a.  controls  item  11  in  figure  15. 

b.  is  cut  out  in  the  data  link  mode. 

c.  comes  from  the  central  air  data  computer. 

d.  is  sent  through  the  altitude  vertical  speed  amplifier. 

8.  The  sensitive  altitude  tape 

a.  is  read  against  the  fixed  index  line. 

b.  gets  a  signal  from  the  CADC. 

c.  is  ground  controlled  In  the  data  link  mode. 

d.  is  controlled  by  9  in  figure  15  in  the  manual  mode. 
9*      The  AVVI  indicates 

a.  vertical  velocity^ 

b.  angle-of-attack. 

c.  target  altitude. 

d^  distance  to  target. 
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10.     The  gross  a3.titude  section 

a.  operates  only  in  the  data  link  mode. 

b.  furnishes  target  altitude  information. 

c.  furnishes  distance  to  target  information. 

d.  indicates  aircraft  altitude. 

Aiter  you  have  completed  the  above  questions  and  know  how  the 
vertical  scale  flight  instruments  work*  proceed  to  section  *'C"  of 
this  programmed  text.    If  you  have  any  trouble  understanding  the 
operation  of  the  indicators*  ask  your  station  instructor  for  help. 

Answers  to  frame  26:  a.  10  b.  9  c.  13  d.  2  e. 
f.  4  g.  7  h.  3  i.  6  j.  8  k.  11  1.  5 
m.  12 

Answers  to  frame  27:  1.  a  i  b  2.  a  &  b  3.  a  &  d  4. 
5.    a  &  d        si    h        7.    c  &  d        8.    a  &  b        9.    a  10. 


APPRAISAL 


■A5S 
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SECTION  C 


INSTRUCTIONS 

In  this  section  of  Che  FT  you  will  be  concerned  vith  tracing 
various  CADC  system  signals.    You  will  receive  step  by  step  guidance 
in  tracing  sin^lified  circuits.    After  you  are  able  to  trace  the 
simplified  circuity  you  vill  be  asked  to  trace  the  same  signal  on 
the  electrical  schematic  in  the  handout  on  vertical  scale  flight 
instruments.    You  may  then  check  the  circuit  you  traced  with  the 
correct  answer  shown  at  the  bottom  of  each  frame. 

Note:    Ask  your  instructor  for  the  above  handout  at  this 
time  as  you  will  need  to  refer  to  it  as  you  complete 
Section  C  of  this  programmed  text. 


The  first  signal  you  will  trace  is  the  pressure  altitude  (Hp) 
Signal.    This  signal  is  sensed  at  the  picot-static  tube  and  transmitted 
to  the  CADC.    TWo  aneroids  inside  the  Psi  transducer  measure  the 
static  pressure. 

Connected  to  the  aneroids  is  the  rotor  of  a  microsyn  (synchro). 
As  the  aneroids  expand  or  contract^  the  microsyn  generates  an  electrical 
Hp  signal.    This  signal  is  amplified  and  sent  to  a  motor  generator. 
The  mechanical  Hp  output  from  the  motor  generator  drives  a  computing 
mechanism.    The  output  of  the  computing  mechanism  is  a  correct  Hp 
signal  and  is  applied  to  several  output  devices.    Trace  the  Hp  signal 
on  the  simplified  diagram  (figure  16)  that  follovs.    After  you  have 

completed  tracing  the  signal^  locate  the  Psi  section  in  figure  1  of 
the  CADC  block  diagram  shown  in  the  vertical  scale  flight  instrument 


Trace  the  Hp  signal  on  the  simplified  schematic^  no  additional 
response  is  required. 


Frame  28 


handout. 


Frame  29 

ronv  the  list  of  Hp  and  Log  Pa  outputs  listed  In  this  frame 
onto  T^r  C^C  scha^tlc.    This' Information  -^^1^%^^^^'^^/^ 
llll  y^ara  troubleshooting  tha  CADC 

of^^puts  ara  applied  to  various  systems  within  tha  aircraft. 

1.  U  -  altitude  tape  on  AWI  and  monitor  synchro  signal. 

2.  7A  -  altitude  hold  autopilot  system. 

3.  23A  -  landing  gear  warning  system. 

4.  39A.  40A.  lOA,  and  41A  -  MSMA. 

No  Response  Required 
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Frame  30 

Using  the  simplified  schematic  (figure  17),  crace  the  Hp  signal 
from  the  CADC  output  lA  to  the  altitude  tape.    The  synchro  trana- 
mltters,  CX12  and  CX14,  are  driven  by  the  Hp  shaft  In  the  CADC.  The 
output  from  the  transmitters  is  applied  to  the  course  and  fine  synchro 
receivers,  CD  901  and  CD  903,  In  the  AWI.    The  output  from  the 
receivers  is  sent  to  the  control  transformers,  CT  701  and  CT  702. 
After  the  signal  is  coupled  through  the  transformers  it  is  amplified 
by  the  altitude  vertical  velocity  amplifier.    From  the  amplifier  it 
is  applied  to  the  variable  phase  of  the  motor  MG  701.    The  generator, 
which  is  driven  by  the  motor,  generates  a  feedback  signal  that  is 
18CP  out-of-phase  with  the  input  signal  to  the  amplifier.  This 
signal  is  coupled  back  to  the  amplifier  to  prevent  oscillation  and 
overtravel  of  the  altitude  tape.    The  altitude  tape  is  mechanically 
connected  to  the  motor-generator.    When  an  altitude  change  occurs, 
the  motor  drives  the  altitude  tape  to  the  new  altitude.    To  complete 
the  servo  loop  there  must  be  some  method  of  nulling  the  signal.  This 
is  accomplished  by  the  motor  turning  the  rotors  of  the  control  trans- 
formers and  the  generator  which  nulls  the  signal.    The  synchro  and 
motor-generator  all  arrive  at  null  at  the  same  time* 

After  you  have  traced  the  Hp  signal  on  the  simplified  schematic, 
turn  to  figure  2  In  the  vertical  scale  flight  Instruments  handout. 
Locate  the  CADC  output  lA  and  trace  the  Hp  signal  through  the  schematic 
to  the  altitude  tape.    The  altitude  signal  will  be  colored  9RAMGE. 

After  you  have  traced  the  pressure  altitude  signal  in  the  above 
handout,  check  the  accuracy  of  your  work  with  the  correct  answer  shown 
in  figure  18  of  this  FT* 
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Frame  31 


Using  the  simplified  schematic  (figure  19)  trace  the  v&rtlcal 
velocity  (Hp)  signal  from  the  CADC  output  2A  to  the  Hp  tape.  The 
Hp  output  from  the  computer  Is  coupled  by  T*2  to  the  phasing  network 
T-3  and  T-4»    R-1  Is  the  zero  adjust  resistor.    From  R-1  the  signal 
Is  applied  to  the  QUAD  REJECTION  AMPLIFIER  AR-5.    The  QUAD  REJ  AMP 
also  receives  a  feedback  signal  from  the  generator.    The  feedback 
signal  Is  coupled  across  R-^1201»  the  damping  adjust  pot.  After 
the  (^At)-^R£J  AMP  allows  the  correct  signal  to  pass»  it  Is  amplified 
by  AR-4  and  applied  to  the  motor.    The  motor  turns  and  drives  the 
generator,  the  Hp  cape  and  the  wiper  arm  of  R-2  which  nulls  the 
Hp  signal  and  completes  the  servo  loop* 

After  you  have  traced  the  Hp  signal  on  the  simplified  schematic^ 
turn  to  figure  2  in  the  vertical  scale  flight  instruments  handout. 
Locate  the  CADC  output  2A  and  trace  the  Hp  signal  through  the  schematic 
to  the  Hp  tape.    The  vertical  velocity  signal  will  be  colored  DARK  GREEK* 

After  you  have  traced  the  vertical  velocity  signal  in  the  above 
handout^  check  the  accuracy  of  your  work  with  the  correct  answer 
shown  in  figure  20  of  this  PT» 
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Frame  32 


The  mach  signal  originates  In  the  Ft  transducer  (figure  21) 
inside  the  CADC.    The  Ft  transducer  receives  pitot  and  static  pressure 
from  the  pitot--statlc  tube.    The  airspeed  diaphragm  inside  the  Ft 
transducer,  expands  and  contracts  with  changes  in  either  aircraft 
airspeed  or  altitude.    The  airspeed  diaphragm  is  mechanically  connected 
to  the  rotor  of  a  synchro  inside  the  Ft  transducer.    When  the  diaphragm 
expands  or  contracts,  the  rotor  of  the  synchro  Is  turned  creating 
the  mach  signal.    The  Mach  signal  is  amplified  by  and  sent 

to  the  motor-^generator.    The  mechanical  shaft  rotation  of  the  motor 
is  connected  to:     (1)  the  Ft  transducer  for  nulling  the- servoloop; 
(2)  the  self*test  synchro  to  keep  it  in  the  correct  phase;  (3)  differential 
number  S  where  log  Qc  and  log  Fs  are  misced.    The  output  of  differential 
#5  is  log  Qc/Fs  and  is  applied  to  the  Qc/Fs  vemiatat.    The  output 
of  the  Qc/Fs  vemlstat  is  an  electrical  signal  equal  to  Mach.  The 
electrical  mach  signal  is  amplified  by  AR-6  and  applied  to  the  motor-^ 
generator  MG*3.    Nulling  is-  accomplished  by  a  feedback  from  the 
mach  vemlstat  (pot)  .    The  generator  sends  a  signal  back  to  the 
amplifier  to  prevent  oscillation  of  the  mach  tape*    The  mechanical 
output  of  the  n^tor  is  connected  to  the  various  output  synchros  and 
pots*    Synchro  output  3A  is  the  mach  output  from  the  computer  to 
the  airspeed-^mach  indicator* 


Note;    You  may  have  noticed  a  slight  reference  to  the  use  of 
the  log  prior  to  this  frame.    This  term,  if  you  are  not 
familiar  with  it,  Is  a  methematical  function  used  to  denote 
extremely  large  and  small  numbers.    For  the  purpose  of  trans- 
ferring large  signals,  like  Qc,  and  small  signals  like  F3, 
these  values  are  transformed  to  logarithmic  terms. 


Trace  the  Mach  signal  on  the  simplified  schematic,  flgur«%  21. 
After  you  have  traced  the  Mach  signal  on  the  simplified  schematic, 
locate  the  c(»nputer  schematic  in  the  vertical  scale  flight  instru- 
ments  handout,    trace  the  Kach  signal  on  the  computer  schenatic. 
If  you  have  any  questions  on  how  the  Mach  signal  originates,  ask 
your  instructor* 
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Frame  33 


The  following  list  of  numbered  output  signals  are  from  the  CADC* 
Locate  the  computer  schematic^  figure  1^  in  the  vertical  scale  flight 
instruments  handout*  This  listing  is  below  the  Primary  and  Secondary 
package  schematic* 

Note;    These  output  numbers  are  references  only* 

1.      Output  4A  -  calibrated  airspeed  -  used  in  AMI  for  airspeed 

tape* 

2*      Output  5A  -    Q<T  -  used  in  AMI  for  angle-of-attack  tape, 

3.  Output  6A  -  Mach  signal  -  used  for  Mach  hold  In  autopilot 
system. 

4*  Outputs  9A>  i^A>  and  36A  are  spares. 

5.  Output  lOA  and  38A  -  M  signal  -  used  in  MSMA. 

6.  Output  21A  -  c<  T  signal  -  used  in  the  terrain  following 
radar  system  (TFR) . 

7.  Output  24A     calibrated  airspeed  (Vc)  -  used  in  the  landing 
gear  warning  system* 

8*      Output  26A  -  Vt  signal  -  operates  the  true  airspeed  indicator. 

9*      Outputs  llky  28A,  and  29A  -    oc    T  signal  -  used  by  angle- 
of-attack  indexer  lites* 

10*      Output  30A  -  Hp  signal  -  used  by  the  flight  director  computer 
(FDC) * 

11.  Output  32A  -  M  signal  -  used  by  the  engine  oil  cooling 
and  spike  control* 

12.  Output  33A  thru  35A  -  M  signal  -  used  by  the  engine  translating 
cowl. 

13*      Output  42A  -  Tfat  signal  -  used  by  the  MSMA* 

14.      Output  43A  -  Vt  signal  -  used  by  the  Terrain  Following 
Radar* 

15*      Output  44A  -  Tfat  signal  -  used  by  the  ram  air  exic  control* 

Note;    The  outputs  for  various  air  data  computers  will  vary 
depending  on  the  type  of  aircraft  in  which  they  are  install^id. 
You  should  refer  to  the  applicable  aircraft  TO  to  determine 
the  computer  outputs  for  your  specific  type  aircraft* 


Frame  34 


MACH  TAPE 


Figure  22* 

Using  the  simplified  schematic  (figure  22),  trace  the  Mach 
signal  from  the  C&DC  output  3A  to  the  mach  tape*    The  tvo  I  synchro-* 
transmitters  CX4  and  5  are  driven  by  the  mach  shaft  rotation  in  the 
computer*    The  outputs  from  the  coarse  and  fine  transmitters  are  applied 
to  synchrorec elvers  CT402  and  CT403*    From  the  receivers,  the  signal 
is  amplified  and  applied  to  the  motor-generator  MG403.  Seryoloop 
nulling  is  accomplished  by  repositioning  the  rotors  of  CT402  and 
CT403.    The  mach  tape  is  positioned  by  the  motor  and  will  move  with 
changes  in  aircraft  mach* 

After  you  have  traced  the  Mach  signal  on  the  simplified  schematic, 
turn  to  figure  4  in  the  vertical  scale  flight  instruments  handout. 
Locate  the  CADC  output  3A  and  trace  the  Mach  signal  through  the  schematic 
to  the  Mach  tape*    Check  the  accuracy  of  your  work  with  the  correct 
answer  shown  in  figure  23  of  thia  PT*    The  Mach  signal  will  be  colored  PINK* 
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Frame  35 


So  far  in  your  study  of  the  CADC  circuit  analysis,  you  have* 
traced  the  altittide,  vertical  velocity,  and  mach  signals*    The  three 
signals  were  used  to  operate  servoloops.    The  calibrated  airspeed 
(Vc)  also  operates  a  servoloop.    It  consists  of  transmitters  CCX9 
and  10),  receivers  (CTSOl  and  502),  an  amplifier,  mot  or- generator, 
and  a  method  of  nulling  the  loop.    Trace  the  Vc  signal  on  the  simplified 
schematic  (figure  24)* 

After  you  have  traced  the  Vc  signal  on  the  simplified  schematic, 
turn  to  figure  5  in  the  vertical  scale  flight  instruments  handout* 
Locate  the  CADC  output  4A  and  trace  the  Vc  signal  through  the  schematic 
to  the  airspeed  tape.    The  airspeed  signal  will  be  colored  PURPLE* 

Check  the  accuracy  of  your  work  with  the  correct  answer  shown 
in  figure  25. 
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Figure  24. 


61  1480 


1481 


Frame  36 


The  next  signal  to  be  traced  is  the  angle-of-attack  signal • 
The   om:  i  signal  originates  at  the  AOA  probe.     It  is  transmitted 
to  the  CADC  where  it  is  changed  to   <i<.  T,    Output  5A  is  the    o<  T 
output  from  the  CADC,      oc  T  is  transmitted  from  CX3  in  the  CADC 
to  CT301  in  the  AMI,    From  the  synchro  receiver  CT301^  it  is  amplified 
and  sent  to  the  motor-generator  MG301,    The  mechanical  output  of 
the  motor  positions  the  AOA  tape.    Nulling  is  accomplished  by  a  mechanical 
connection  from  the  motor  to  the  rotor  of  CT301,    Use  the  simplified 
schenatic  (fij^re  26)  and  trace  the  AOA  signal  from  the  AOA*  probe 
to  the  At)A  tape. 

After  you  have  traced  the  AOA  signal  on  the  simplified  schematlci 
turn  to  figure  3  In  the  vertical  scale  flight  Instruments  handout. 
Locate  the  CADC  output  5A  and  trace  the<::^T  signal  through  the 
schematic  to  the  c^*T  tape.    The  angle-of-attack  signal  Is  colored 
BROWN. 

Check  the  accuracy  of  your  work  with  the  correct  answer  shown 
in  figure  27  of  this  PT, 


Frame  37 


The  Airspeed  Mach  Indicator  has  a  display  of  Maximum  Safe 
Mach  (MSM).    This  display  is  in  the  form  of  a  striped  marker. 

The  MSM  signal  is  made  up  of  many  different  inputs,  deferring 
to  the  simplified  schematic^  figure  28^  trace  th^  MSM  signal  to 
the  MSM  Marker. 

The  CADC  contains  six  (6)  potentiometers  which  supply  outputs 
to  the  MSM  Amp*    The  outputs  of  the  CADC  are  38A-Mach,  42A-Tfat> 
39A  and  40A-Log  Ps^  41A  and  lOA-Log  Ps  and  *    These  CADC  outputs 

are  sent  to  the  MSM  Amp*    In  this  amplifier  the  signals  are  computed^ 
compared^  amplified  and  sent  to  a  motor-generator  assembly  MG-1. 
The  output  of  MG-1  is  mechanically  linked  to  the  rotor  of  a  control 
transformer  (CT-1) .    The  MSM  signal  is  then  sent  to  CTAOl  in  the 
AMI*    The  output  of  CT401  Is  amplified  and  applied  to  MG401*  The 
mechanical  output  of  MG401  is  connected  through  a  clutch/stop  assembly 
to  the  MSM  marker*    Mechanical  linkage  from  the  clutch/stop  assenfaly 
is  also  connected  to  Cr401  as  a  means  for  nulling  the  signal* 

After  you  have  traced  the  MSM  signal  on  the  simplified  schematic, 
turn  to  figure  4  la  the  vertical  scale  flight  Instruments  handout. 
Locate  the  CADC  outputs  of  38A>  42A,  39A>  4aA,  41A>  and  lOA  and  trace 
theae  outputs  to  the  MSM  amp.    Trace  the  MSM  signal  from  CT-1  la  the 
MSM  amp  to  the  MSM  marker.    The  maximum  safe  Mach  signal  Is  colored 
DARK  YELLOW> 

Check  the  accuracy  of  your  work  with  the  correct  answer  shown  In 
figure  29  of  this  PI* 


14S6 

65 


Flfiure  ZQ. 

1438 


US7 


Frame  38 


*Another  signal  circuit  to  be  traced  Is  J^%--^%°"^'rsyt^ro 
circuit.    Locate  the  vertical  accelerometer  in  fig""  3U.    *  ^  ^ 
il^^t  ;f  vertical  acceleration  <''^''^\J«,--^,,rouS'-'-  ratf  divider 
The  output  of  Cr302  is  sent  to  the  J^rdar  to  drive- 

to  the  G  aiap,  AR4-2 ,  where  the  signal  is  amplified  in  o  « 
MG302  in  tha  AMI.    The  mechanical  ^"'^P"'^ J^^^f  ^  Is  Schanlcal 
the  clutch/stop  assembly  to  the  G  tape  and  counter.    A  nu    i  s 
output  Is  applied  to  the  rotor  of  CT302. 

Now  that  you  have  traced  the  ^^"^"f^J^^^^'^ight^  Instruments 
of  this        refer  to  figure  3  In  the  ^'^^^^/^ ^^^,1  ^  G  circuit 
handout.    Locate  the /ertlcal  accelerometer  a^  t«ce 
to  the  G  tape.    The  "G"  signal  Is  colored  LIGHT  RED. 
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Frame  39 


This  frame  explains  the  command  marker/counter  circuits*  Referring 
back  to  section  B  of  this  programmed  text*  the  operation  of  the 
command  markers  and  counters  was  explained*    The  altitude*  airspeed* 
and  Mach  command  marker/counter  indications  are  all  basically  the 
same.    The  altitude  command  marker/ counter  circuit  will  be  discussed 
in  this  frame*  but  alX  command  marker/counter  circuits  are  identical 
(Mach*  airspeed*  and  altitude). 

Using  the  simplified  schematic*  figure  31*  trace  the  command 
altitude  signal  circuit.    Transformer  T-2  supplies  26V  AO  for  power 
to  the  Command  Alt,  circuit.    The  slew  switch  controls  the  position 
of  contacts  1  and  3  through  mechanical  linkage.    Contact  3  controls 
Che  direction  of  motor  rotation  and  in  turn*  movement  of  the  command 
marker/counter  assembly*    Contact  X  controls  the  speed  of  the  motor* 
The  mechanical  output  of  the  motor  moves  the  commnd  marker/counter 
assembly. 

Now  that  you  have  traced  the  Command  Altitude  Circuit  on  the 
simplified  schematic*  refer  to  figure  2  in  the  vertical  scale 
instruments  handout  and  trace  the  Command  Alt*  Circuit*  Locate 
the  slew  switch  and  transformer  T-2  in  the  AWI. 

After  you  have  traced  the  Command  Alt.  Circuit  in  the  above  handout* 
check  the  accuracy  of  your  work  with  the  correct  answer  shown  in  figure  32* 
All  command  signal  circuits  such  as  altitude*  airspeed*  and  Mach  are 
colored  LIGHT  GREBl. 
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Frame  40 


You  have  traced  most  of  the  signals  within  the  CADC  system.  Now 
let*s  check  your  ability  to  trace  and  analyze  the  CADC  circuits.  The 
Pt  and  Psi  transducers  and  potentiometers  establish  signals  and  position 
synchros  in  the  CADC.    The  synchros  then  move  from  one  position  to  a  new 
position  according  to  the  signal  supplied.    The  motors  drive  the  tapes 
to  the  position  established  by  the  synchro.    The  generator  produces  a 
signal  opposite  to  that  which  drives  the  motor^  stopping  the  tape  on 
the  exact  indication  without  over  or  under  travel.     (Reference  Frame  28 
in  this  PT) .    All  of  this  must  be  remembered  when  analyzing  the  abnormal 
indications  that  you  soon  may  have  to  analyze  and  repair  on  the  flight 
line. 

Examples  of  abnormal  indications  are: 

1.  No  movement  (tape  inoperative)  -*  This  indication  could  be 
caused  by  an  open  or  short  in  either  the 'fixed  or  variable  phase  of 
the  motor  circuits;  an  open  or  short  in  the  rotor  of  a  synchro;  or  a 
loss  of  power. 

2.  Tape  erratic  or  unstable  *  This  indication  could  be  caused 
by  an  open  or  short  in  one  of  the  stator  leads  of  the  synchro  assembly. 

3.  Tape  oscillation  *  This  indication  could  be  caused  by  an 
open  or  short  in  either  the  fixed  or  variable  phase  of  the  rate 
generator. 

Use  the  CADC  schematics  provided  to  locate  the  malfunctions  in  thi^ 
following  questions.    Circle  the  letter  that  identifies  the  correct 
answer. 

1.  During  flighty  the  pilot  reported  no  movement  of  the  Mach 

tape. 

a.      Open  between  pin  E  of  PI  CJ-1401)  and  pin  V  of  300J3. 
b-      Short  between  pins  K  and  L  of  P5  CJ-1403). 

c.  Short  between  pins  D  and  J  of  PI  (J- 1401). 

d.  Open  between  pin  L  of  PI  CJ-1401)  and  pin  Y  of  300J3. 

2.  During  flight,  the  pilot  reported  the  movement  of  the  cali- 
brated airspeed  tape  erratic  or  unstable. 

a.  Short  between  pins  B  and  A  of  P5  CJ-1403). 

b.  Short  between  pins  B  and  V  of  P6  CJ-1301). 

c.  Open  between  pin  AA  of  300J3  and  pin  K  of  P2  CJ-1302) . 

d.  Open  between  pin  R  of  300J4  and  pin  C  of  P3  (AMI  AMP). 
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3»    When  the  high  GADC  self-test  is  performed,  the  true  airspeed 
indicator  does  not  change  indications* 

a.  Short  between  pins  A  and  C  of  PI. 

b.  Short  between  pins  G  and  H  of  PI. 

c.  Open  between  pin  K  of  PI  and  pin  L  of  P4  (P- 16004). 

d.  Open  between  V  of  300J6  and  pin  C  of  PI. 

4.  During  CADC  self-test,  the  Hp  tapes  oscillate. 

a.  Open  between  pin  P  of  P4  and  Pin  W  of  300J2. 

b.  Open  between  pin  K  of  P4  and  pin  Z  of  300J2. 

c.  Short  between  pins  K  and  R  of  P4  (J-1102). 

d.  Short  between  pins  C  and  K  of  P6  (J-llOl) . 

5.  When  performing  CADC  self-test,  the  movement  of  the  Mach 
tape  was  erratic  or  unstable. 

a.  Open  between  pin  D  of  PI  and  pin  W  of  300J3. 

b.  Open  between  pin  N  of  300J4  and  pin  P  of  P6  (J-1301) . 

c.  Open  between  pir.  T  of  P3  (P-16003)  and  ground* 

d.  Open  between  pin  V  of  300J3  and  pin  E  of  P2  (J-1302). 

6.  During^ flight,  the  pilot  reported  no  movement  of  the  verti- 
cal velocity  (Hp)  tape. 

a.  Open  between  pin  P  of  P4  and  pin  W  of  300J2. 

b.  Open  between  pin  W  of  P4  (J-1102)  and  pin  N  of  300J2. 

c.  Short  between  pins  V  and  U  of  P4  (J-1102). 

d.  Short  between  pins  J  and  H  of  P5  (J-1103). 

7.  During  the  CADC  self-test,  the  maximum  safe  Mach  (MSM)  bar 
did  not  move. 

a.  Open  between  pin  R  of  P3  (P-16003)  and  pin  R  of  P3  (J-l402)» 

b.  Open  between  pin  K  of  P7  (J*-214)  and  pin  A  of  P3  (J- 1402).. 

c.  Open  between  pin  L  of  P5  (J-1403)  and  pin  Q  of  300J4. 

d.  Open  between  pin  L  of  PI  (J-1401)  and  pin  Y  of  300J3. 
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d*    During  flighty  the  pilot  reported  that  the  angle-of-attaclc 
tape  was  inoperative  but  the  indexer  lites  worked* 

a.  Short  between  pins  AA  and  DD  of  P4  (P-16004). 

b*  Short  between  pins  CC  and  DD  of  300J4. 

c.  Short  between  pins  K  and  Z  of  PI  (j-1401). 

d.  Short  between  pins  JB  and  A  of  300J3. 

9*    During  CADC  self-test»  the  pressure  altitude  tapes  did  not 

move* 

a.  Short  between  pins  C  and  D  of  P5  (J-1103). 

b.  Short  between  pins  C  and  K  of  P6  (j-1101). 

c.  Open  between  pin  P  of  P4  (J-1102)  and  pin  W  of  300J2. 

d.  Open  between  pin  T  of  P3  (J-1201)  and  pin  B  of  P3  (P-16003). 

10.    During  flight*  the  pilot  reported  erratic  movement  of  the 
ALPHA  T  tape. 

a.  Open  between  pin  C  of  P2  (J-1302)  and  pin  Z  of  300J3. 

b.  Open^between  D  of  P6  (J-1301)  and  pin  CC  of  300J4. 

c.  Open   between  pin  A  of  PI  (J-1401)  and  pin  GG  of  300J3. 

d.  Short  between  pins  K  and  Z  of  P2  (J-1302). 

Now  that  you  have  answered  all  the  questions  In  frame  3d»  go 
back  to  the  beginning  of  the  PT  and  read  all  of  the  objectives  again. 
Make  sure  that  you  know  these  objectives.    If  you  think  that  you  can 
satisfactorily  answer  these  objectives^  go  to  the  appraisal  room 
and  take  the  appraisal  for  ?T-3044 

After  you  have  completed  the  appraisal  for  PT-30A>  you  will  be 
given  PT-304A  which  covers  CADC  System  Trainer  Familiarization.  After 
the  appraisal  on  trainer  familiarization^  you  will  be  issued  WB"304 
which  covers  the  operational  check  and  troubleshooting  of  the  CADC. 

Answers  to  frame  AO:    1.    c     2.    a     3.    d     4.    a     5.    b     6.  b 

7.    b,    8.    c     9.    d    10.  b 
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This  programmed  CexC  was  prepureU  for  use  in  Che  3ABE325]}!,  Avionics 
Tnetrum«nc  Syscems  Specialise  COurde«    Twency*-one  scudencs  enrolled  in 
the  dubjecc  course  were  u^ed  co  valldace  Che  material  hereln«  All 
sCudencs  achieved  Che  approved  objecclve  as  scaced«    Average  clme  to 
complece  the  PT  is  1  hour  and  22  mlnutes« 

OBJECTIVE 

Given  a  programmed  cexc,  cecb  daca  and  cr^ner,  bench  check  che 
vertical  scale  fllghc  tnscruinencs  with  a  minimum  of  80%  accurate 
workbook  reeponses« 

mSTRUCXIONS 

This  programmed  cext  contains  tnscruccions  for  che  bench  check  of 
the  AMI  and  AVSI«    Follow  all  tnscructiona  carefully  and  complece  che 
cables  as  indicaced«    The  flrsc  pare  of  this  PT  is  made  up  in  normal 
PT  Cormac«    You  are  required  to  read  each  frame  and  respond  co  che 
questions^    The  answers  co  che  frames  are  found  ac  che  boccom  of  che 
next  frame«    The  second  pare  of  chls  text  inscructs  you  in  a  lab  pro- 
cedure*   You  are  required  co  make  a  response;  your  response  will  be 
verified  by  your  inscruccor* 


Supersedes  3ABR32531-PT-308^  17  December  1974, 
OPRj  TTMCW 
DISTRIBUTION:  X 

TTMCM  -  150;    TTS  -  1  >  t^i)^ 


Frame  I 


The  first  Indicator  you  will  bench  check  Is  the  AMI*  This 
Indicator  Is  similar  to  the  one  on  the  FB-lllA  trainer,  but  some 
of  the  tapes  are  different^    The  angle  of  attack  tape  Is  read  In 
symbols  rather  than  degrees*    The  ranges  of  the  other  tapes  are 
also  different. 


Match  the  lettered  Items  In  figure  1  to  the  statements  on  the 


right. 


1*^ 
6* 


indicates  mach* 

Indicates  airspeed 
In  knots* 

Indicates  max 
safe  mach* 

Indicates  Instrument 
failure* 


indicates  aircraft 
'»G"s* 


indicates  angle 
of  attack* 


Figure  1. 


Frame  2 

The  second  Indicator  you  will  bench  check  Is  the  AVSI*  This 
indicator  la  also  similar  to  the  one  on  the  FB^UIA  trainer*  but 
again,  thare  are  differences*    The  AVSl  has  only  two  altitude  scales^ 
Diey  are: 

1^      A  sensitive  scale  (A)  which  is  numbered  every  thousand 
feet  and  marks  every  hundred  feet  as  shown  In  figure  2. 

2.      A  i^ross  scale  (E)  with  numbern  every  ten  thousand  feet 
and  marks  every  thousand  feet.    This  scale  has  a  total  range  of  * 
2,000  feet  to  +80,000  feet. 

Match  the  lettered  Items  In  figure  2  to'the  statements  on  the 
right. 


1.  _ 

2.  ^ 

5.  _ 

6.  _ 

7. 


indicates  rate 
of  climb. 

Indicates  senal* 
tlve  altitude* 

Indicates  gross 
altitude. 

used  to  set  baro- 
metric pressure. 

Indicates  baro- 
metric setting. 

Indicates 

Instrument 

failure. 

indicates 

target 

altitude. 


Figure  2, 

Answers  co  Frame  X 
1,    P         2,    D  3, 


5.  B 


Frame  3 

Before  you  begin  the  bench  check  of  the  vertical  scale  flight 
instruments^  notice  that  there  are  a  lot  of  dials  and  switches  on 
the  tegt«rdt    Don't  become  confused  by  them*    Each  control  is  numbered 
and  the  number  is  referenced  in  the  instruction^}* 

There  are  four  controls  that  you  may  have  some  trouble  reeding 
or  understanding »  so  we  will  present  this  information  now, 

FLrstf  the  potentiometer  1^1  (figure  ^}  is  located  in  the  upper 
left  corner  of  the  tester*    It  consists  of  four  (^)  moveable  scales. 
The  scaleo  are  read  from  the  outside  to  the  inside*    Each  scale 
is  referenced  to  a  black  mark  on  the  left  side  of  the  potentiometer* 
All  readings  are  decimal  readings*     (Example:  *00000) 

Using  figure  3^  circle  the  letter  of  the  correct  response  to 
the  statement  below* 

1.      The  reading  of  the  potentiometer  in  figure  3  is 


POTEh*'!bMETER 


Figure  3. 

Answers  to  Frame  2 

1*    B         2.    A         3*    E         4*     D         5*  C 
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Frme  A 


The  Coarse  and  Fine  synchro,  controls  if2  and  ff3,  (figure  A) 
will  be  used  frequently  during  the  bench  check  of  the  vertical  scale 
flight  Instruments.    For  this  reason,  It  Is  very  Important  that 
you  be  able  to  read  these  synchros. 

Refer  to  figure  4.    Both  the  Coarse  and  Fine  synchros  are  read 
In  the  same  manner.    The  inner  and  outer  dials  are  read  In  degrees. 
The  Inner  dial  Is  in  ten  degree  Increments  with  every  thltty  degrees 
numbered.    The  outer  dial  Is  equal  to  a  total  of  ten  degrees  with 
,1  degree  Increments. 

A  reading  vill  be  taken  In  the  following  manner.    First  of  all 
look  at  the  Coarse  synchro.    The  inner  dial  Is  Indicating  between 
160  and  170  degrees,  referenced  to  the  short  pointer.    In  order 
to  find  the  exact  reading,  look  at  the  outer  dial,  referenced  to 
the  long  pointer.    The  long  pointer  Is  four  increments  past  the 
5*    Your  reading  will  be  5.4  degrees*    Adding  the  readings  of  the 
Inner  and  outer  dials  you  come  up  with  a  total  reading  of  165.4 
degrees . 

Take  a  reading  of  the  fine  synchro  and  record  this  reading 
In  the  space  provided  below  the  Cln«  synchro. 


COARSE 


FINE 


Figure  4. 


FIHE  SYWCHRO  READING 


DEGREES 


Answer  to  Frame'  3 


Frame  5 


Tlie  fourth  control  Is  an  AC  voltmeter  and  a  Value-Select  knob. 
The  position  of  the  knob  determines  the  maximum  range  of  the  AC  volt 
scale* 


For  example*  in  figure  5»  the  Value-Select  knob  is  positioned 
on  30 t  indicating  that  the  top  scale  has  a  maximum  range  of  30V  ACt 
The  pointer  in  figure  5  is  indicating  20V  AC* 


Figure  5* 
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In  figure  6,  the  Value^Select  knob  is  now  in  a  different  position 
which  changec  the  maxinuiD  tcale  value  of  the  AC  voltmeter. 

Using  figure  6  as  a  reference,  record  the  reading  of  the  AC 
voltmeter  in  the  space  provided. 


Figure  6* 

Reading  of  AC  voltmeter 
 AC 

Answer  to  Frame  4 
48.7  DEGREES 

Answer  to  Frame  5 

115V  AC  ^  5^9 


BENCH  CHECK 

Tiixs  section  oi  the  programmed  text  contains  instructions  for 
testing  the  Mach  Safe  Speed  Airspeed  Indicator*    All  procedures  are 
referenced  to  TO  3FS-2-27-2,    A  special  tester*  the  Mach  number  safe 
speed  airspeed  ir*dicacor  test  set  i3A0190  or  13A0i91  (referred  to 
as  teat  set  13ACi5C  or  i3A0i91)  la  used  for  checking  the  operation 
o£  the  HSiCh  safe  speed  airspeed  indicator* 

Note:    Remove  all  jewelrylll 

Ask  tho  lab  Instructor  to  assign  you  to  a  test  sec,  eicher  i3A0l90 
or  13A0i91,  Pick  up  TO  5F8'2-27-2,  turn  to  page  6-1  and  begin  working. 
Check  (/)  each  item  in  your  PT  aa  you  complete  it* 

STEP  1*    Test  aecup — Paragraph  6-5 

a*  Parf orm  item  a* 

b*   Perform  item  b* 

 Perform  item  d. 

d*  Perform  item  e* 

STEP  2*    Preliminary  tests — Paragraph  6-6 

a*  Perform  item  a* 

b*  Perform  item  b* 

c*  Perform  item 

d*  Perform  item  d* 

Satisfactory  Unsatisfactory  (check  one) 

e.  Perform  item  e* 

 ^Satiijf actory   ^Unaatisfactory  (check  one) 

STEP  3*      Scale  error  tests — Paragraph  6-7 

a*      Aircraft  Mach-^ Paragraph  6-8 

(1)  Perform  item  a* 

(2)   ^l>erform  item  b* 

Note:    tUi  for  P/N  18000- lfl-4-Di  and  i8000-iB-4-Ei  Indicators 
will  disappear  only  in  che  I.A.S*.  Mode, 

(3)   Perform  item  c  and  complete  cable  1. 
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EJoce;    Perfonn  step  3»  item  c  (in  your  PT) »  che  Maxlmiitn  Safe 
Mach  test  (paragraph  6-10)  and  complete  cable  3  at  chla  time* 
(See  Note;    Paragraph  6-10) 


COARSE  2 
(Degrees) 

nm  3 

(Degrees) 

^^ACH 

READING 

ERROR 
TOLERANCE 
(MACH) 

AOIUAL 
RSADING 

RESULTS 
(S  or  U) 

* 

Table  1*    Aircraft  Mach  Test 


b*      Indicated  Airspeed — Paragraph  6*9 

(1)   Perform  Item  a* 

(2)   Perform  item  b  and  complete  cable  2* 


COARSE  2 
(Degrees) 

FINE  3 
(Degrees) 

INDICATED 

AIRSPEED 

READING 

ERROR 
TOLERANCE 
(Knots) 

ACTUAL 
READING 

RESULT 
(S  or  U) 

-3 



 :  

1 

 \  

Tabla  2,    Indicated  Airspeed  Test* 


c*      Maximum  Safe  Mach — Paragraph  6-10 

After  recording  che  indicator  mach  readings  for  each  of  the 
mach  settings  in  table  1»  perform  che  following  sceps^ 

(1)   Rotate  the  FINE  3  cransmltter  co  the  FIl,E  3  setting 

In  cable  3  which  corresponds  with  che  desired  mach 
reading  In  cable  1* 

'.5<1 
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(i)   ^Set  rROGRAH  SEl.  7  switch  to  Majt  Safe  Mach  and 

record  Maxlmttm  Safe  Mach  Readings  In  table  3. 

(3)   Return  PROGRAM  SEL  7  switch  to  Mach  after  each 

reading  and  rotate  COARSE  2  and  FINE  3  settings  In 
table  1  for  the  next  Aircraft  Mach  check. 

Note:    COARSE  2  settings  In  table  3  are  taken  from  table  1* 
Since  Initial  aircraft  Mach  test  settings  in  table  1  have  no 
corresponding  Maximum  Safe  Mach  setting  in  table  3»  proceed  to 
the  second  pair  of  aircraft  Mach  test  settings  in  table  1  before 
performing  the  Maximum  Safe  Mach  test  procedure. 


COARSE  2 
(Degrees) 
(Table  1) 

FINE  3 
(Degrees) 

MAXIMUM 
SAFE  HACH 
READING 

ERROR 

TOLERANCE 
(HACH) 

ACTUAL 

READING 
(MACH) 

RESULTS 
(S  or  U) 

0 

0 

60 

60 

90 

90 

Table  3*    Maximum  Safe  Mach  Test* 
d.      G  Limiting — Paragraph  6-^11 
(1)   ^Perform  item  a* 


(2)  Perform  item  b  and  complete  table  4* 


FINE  3 
(Degreed) 

G  LIMIT 
READING 

ERROR 
TOLERANT 
(G) 

ACTUAL 
READING 
(G) 

RESULTS 
(S  or  U) 

- 

Table  4.    G  Limiting  Test. 


e*     Minimum  Sa£e  Speed"Paragraph  6-*12 

(1)  Per£ortt  item  a* 

(2)  Per£orra  Item  b  and  complete  table  5* 


FINE  3 
(Degrees) 

SAFE  SPEED 
aeADIHG 

ERROR 
TOLERANCE 
(Degrees) 

RESULTS 
(S  or  U) 

Table  5*    Safe  Speed  Test* 
E.     Command  Mach — Paragraph  6-13 


(1)   Perform  Item  a. 

(2)   Perform  Itm  b. 

(3)  Perform  Item  c. 

(4)  Perform  Item  d. 

 ^Satisfactory  .Unsatisfactory  (check  one) 

(5)  ^  Perform  Item  e. 

(6)  Perform  Item  E  and  complete  table  6* 


POTESTIOMETER 
SETTING 

COMMAND 
.MACH 

ERROR 
TOLERANCE 
(Mach) 

ACTUAL  RESULT 
READING         (S  or  U) 
(Hach) 

Table  6.    Connand  Mach  Test,  Automatic  Mode. 
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g*      Connand  Indicate  Airspeed — Pa/igraph  6-14 

(1)  Perform  icem  a* 

(2)   Perform  Item  b. 

(3)   ^Perform  item 

 ^Satisfactory   Unsatisfactory  (check  one) 

(4)   Perform  item 

(5)   Perform  item  e  and  complete  table  7, 


POTENTIOKETER 
SETTING 

COMMAND* 

AIRSPEED 

READING 

ERROR 
TOLERANCE 
(Knocs) 

ACTUAL 

READING 

(Knocs) 

RESULT 
(S  or  U) 

Table  7.    Command  Indicated  Airspeed  Tesc»  Automatic  Mode. 

STEP  4*    Test  Set  Shut^Oown  Procedure 

a*      At  this  time  you  have  completed  the  bench  check  of  the  Hach 
Safe  Speed  Airspeed  Indicator. 

b.   Place  circuit  breakers  #24  and  #25  to  "OFF"  position. 


c,   ^Disconnect  the  tester  power  from  the  U5  VAC  power 

source. 

Hote:  Have  the  lab  instructor  check  your  work  and  then  proceed 
to  bench  check  the  altitude  vertical  speed  indicator* 


Instructor's  Signature 


This  section  of  the  progranuned  text  contains  the  cesc  procedure 
for  bench  checking  the  Altitude  Vertical  Speed  Indicator*    A  special 
test  ^et  the  altitude  vertical  speed  indicator  test  set  13A0180  or 
13A0181  is  used  for  checking  the  operation  of  the  altitude  vertical 
speed  indicator.    All  procedures  are  referenced  to  TO  SF0"'9-'lO-2, 

Note:    Remove  all  jewelry! J f 

Ask  che  lab  instructor  Co  assign  yoti  to  a  cesc  sec  either  13A0180 
or  i3A0181,    Pick  up  TO  5F8-9-10-2»  curn  to  page  6-1  and  begin  working. 
Check  (/)  each  Item  In  your  PT  as  yoti  complete  It, 


STEP  Test  Setups-Paragraph  6-5 

a,   Perform  item  a, 

b,   ^Perform  item  b, 

c,   Perform  item  d* 

STEP  2,  Preliminary  Tests—Paragraph  6-6 

a,   ^Perform  item  a. 

b*  Perform  item  b* 

c*   ^Perform  item  c* 

d*   ^Perform  item  d* 

STEP  3,  Scale  error  tests 


Note:  For  all  scale  error  tests  5AR0  setting  should  read  29*92** 
Hg- 

a.      Sensitive  altitude  operation  checks — Paragraph  6-7 

(1)   Perform  Item  a, 

(2)   Perform  item  b  and  complete  table  8, 


COARSE  2 
(Degrees) 

FINE  3 
(Degrees) 

ALTITUDE 
READING 
(Feec) 

ACTUAL 

READING 

(Feec) 

RESULTS 
(S  or  U) 

Tabla  0*    Sen^g.TfeoUtltude  Checks 
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b,      Coiranaiid  Altitude  Operuttoiml  Cliticke — Paragraph  6-9 
(1)    Automaclc  ^tDdC" Paragraph  6-10 

(a)   ^Perform  item  a, 

(b)   ^Perform  item  b  and  complete  table  9, 


POTENTK^TER 
SETTING 

COMMAND  ALTITUDE 
READING 
(Feet) 

ACTUAL 

READING 

(Feet) 

RESULTS 
(S  or  U) 

Table  9.     Command  Altitude  Operational  Checks  Automatic  Mode. 
C2)    Manual  Mode — Paragraph  6-11 


(a)   Perform  Item  a. 

(b)   Perform  item  b. 

 ^Satisfactory       '  ^Unsatisfactory  (check  one) 

c.      Vertical  Speed  Section  Tests — Paragraph  6-12 

(1)   Perform  itssm  a. 

(2)   Perform  item  b  and  complete  table  10. 

(3)   Perform  Item  c  and  complete  table  11, 


POTENTIOMETER 
SETTINe 

CLIMB  VEKTICAL 
SPEED  READING 
(ft/min) 

ERROR 
TOLERANCE 
(ft/min) 

ACTUAL 

READING 

(ft/njin) 

RESULT 
(S  or  U) 

■ 

Table  10.    Climb  Vertical  Speed  Test. 


POTENTIOMETER 
SETTING 

DIVE  VERTICAL 
SPEED  READING 
(ft/min) 

ERROR 
TOLERANCE 
(ft/min) 

ACTUAL 

READING 

(ft/min) 

RESULT 
(S  or  U) 

Table  Dive  Vertical  Speed  Test 

d.     Target  Altitude  Operational  Check-^^Paragraph  6-14 

(1)   ^Perform  item  a* 

I 

(2)   ^Perform  item  b  and  complete  table  12- 
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POTENTIOMETER 

TARGET  ALTITUDE 
MARKER  READING 
(Feet) 

ACTUAL  READING 

RESULTS 
(S  or  U) 

STEP  4, 
a. 

b. 


Table  12.    Target  Altitude  Operational  Check. 
Test  Stand  Shut-Down  Procedure 

At  this  time  yoti  have  completed  the  bench  check  of  the  Alti- 
tude Vertical  Speed  Indicator. 

 ^Place  circuit  breakers  #28  and  #29  to  the  *'OFF'*  position. 

_^Disconnect  the  power  cable  from  the  115  VAC  power 


source. 

Note;    Have  the  lab  Inatructor  check  your  work. 


Instructor's  Signature 


^5 1 8 

17 


mo 

PROGRAMMED  TEXS. 
3A3R32531-Fr-30A9 
3ABR32632B-PT-404ft 


Technical  Training 


Avionics  Instrument  Systems  Specialist 
Integrated  Avionic  Systems  Specialist 


CADC  SYSTEM  TRAINER  FAMILIARIZATION 

8  November  1976 
^^^^^^ 


USAF  SCHOOL  OF  APPLIED  AEROSPACE  SCIENCES 
3360th  Technical  Training  Group 
Chanute  Air  Force  Base,  Illinois 


DESIGltED  FOR  ATC  COURSE  USE 
DO  SOT  USE  ON  THE  JOB 


1519 

C  coftM  Z14  u       7€\       OeSOLETES  ATC  fOAMS  ZtA,  MAY  6*,         MOV  63  ^NO         MAY  7t. 


STANDARD  C0VGASH6ET 


mi 

FOREWORD 

This  programmed  text  has  been  prepared  for  use  In  the  3ABR32S31  and 
3ABR32632B,  Avionics  Instrument  Systems  Specialist  and  Integrated  Avlonic 
Systems  Specialist  courses*    The  material  herein  tias  been  validated  by 
32  students  enrolled  in  the  courses     At  least  90%  of  the  students 
achieved  the  stated  objective  with  ^  .  average  time  of  53  minutes  to 
complete  the  cext* 

OBJECTIVE 

Without  references,  identify  facts  pertaining  to  the  operation 
and/or  characteristics  of  air  data  computer  systems  to  a  minimum  accuracy 
of  80%* 

INSTRUCTIONS 

This  programmed  text  presents  information  in  small  steps  called 
'^frames*"   After  reading  the  information  In  each  frame,  you  are  asked 
to  select  an  answer  or  make  an  entry  chat  shows  that  you  understand 
the  information  in  that  frame*    DO  NOT  WRITE  IN  THIS  BOOBCLET*    As  you 
aie  reading  each  frame,  cover  the  area  belov  the  slanted  lines*  You 
itay  check  the  accuracy  of  your  answers  by  i-ncovering  thi  area  below 
the  slanted  lines* 


Supersedes  3ABR32531-PT-306,  3ABR32632B-PT'^402B,  23  January  1976,  which 
may  be  used  until  exl^ttlng  stocks  are  exhausted. 
Or-R:    3360  TTG 
DISTRIBUTION:  )C 

TTMCW  -  200;    TTS  -  1 

■5?0 
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l-'cane  1 

To  be  abXe  to  troubXeshoot  maX functions  inserted  into  the  trainer  an 
understanding  of  the  trainer  and  f^e  differences  between  the    ralner!  alr- 

Zt\  f  '^"'^  ""^^  ^^^^  the  trainer  and  the'a?^! 

craft  have  the  CADC  system  InstalXed  on  their  framework.    There  are  many 
more  components  on  an  aircraft  than  are  needed  on  the  trainer.    On  the 
trainer  wc  have  to  slmuXate  some  of  these  components  and  the  slgnaXs  from 
these  components     As  In  the  aircraft  a  power  source  Is  requlred^o  operate 
the  trainer  and  the  CADC  system.    The  CADC  system  power  Is  obtained  irT 
the  trainer  power  section.    To  connect  the  trainer  to  Its  power  requl^^ 

?^^t!d  T""  '°  trainer  L  pro- 

tected by  Its  own  circuit  breakers  as  llXustrated  beXow. . 

Caution;  Serious  Injury  to  personnel  and  damage  to  equipment 
cSc"rSner"'°  '""'""^       ^"^^"^  ^^^^^ 

The  power  circuit  breaker  paneX  shown  b-low  provides  trainer  oro- 
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CAOC  SVS1EM  TfUUNER 
REAR  Vtew 


POWEf)  CRCUIT  BREAKEf) 
PANEL 


AC  a  OC  POWER  CABLES 


Mark  T  for  True  or  F  for  False  In  the  space  provider  for  each 
statement  below. 

  1.    The  power  circuit  breaker  panel  Is  located  on  the  front  of 

the  CADC  system  trainer, 

2,    The  circuit  breaker  panel  provides  trainer  protection  for 
28VDC  and  115/208V  3-phase»  400-Hertz  AC* 

  3.    The  circuit  breakers  must  be  in  the  *'OFF"  position  before 

connecting  the  AC  and  DC  power  cables + 

  4*    The  AC  and  DC  power  cables  are  located  In  the  rear  of  the 

CADC  system  trainer. 
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rranse  2 


CADC  system  conponenta  are  mounted  on  the  trainer  framework.  The 
framevork  has  been  divid&d  into  sections  as  illustrated.  (Sections  A* 
Bt  Ct  D,  and  E.)  ,  _ 


FRONT  VIEW 


Section  A  contains  the     probe*  total  temperature  probe*  inlets  for 
pitot  and  static  pressures  and  a  pover  receptacle  for  connecting  test 
equipment  to  the  system.    Section  A  also  contains  test  points  for  use  in 
troubleshooting  vlrlng  from  the  c<  probe  and  probe. 


Section  B  contains  test  points  simulating  the  escape  capsule  (more 
frequently  termed  escape  panel)  disconnect  connectors*    These  test  points 
are  located  on  the  right  side  of  the  trainer  as  shovn. 

Section  C  simulates  the  electronic  equipment  bay  of  the  aircraft 
and  contains  the  CADC  unit*  MSHA  amp*  AKI  amp*  AWI  amp*  and  test  points 
for  each  of  these  components* 

Section  D  contains  3  control  panels.    One  is  used  for  trainer  power* 
and  two  are  used  to  simulate  inputs  to  the  CADC  system.    Test  points  for 
each  of  these  components  are  located  in  Section  D. 

Section  E  contains  the  system  circuit  breakers  on  the  left>  a 
simulated  cockpit  instrument  panel  in  the  center  section*  and  the 
trainer  malfunction  panel  (under  a  door  labeled  TRAINER  MALFUHCTIOH 
PANEL)  on  the  rig^t  side.    This  whole  section  is  referred  to  as  the 
instrument  panel. 

Note:    All  test  points  on  the  trainer  allow  yj)u_to  troubleshoot 
and  locate  instructor  Induced  malfunctions, without  disconnecting 
CADC  system  components  connector  plugs. 

NO  REPONSE  REQUIRED 

/////////////////////////////// 


Answers  to  Frame  1: 


F  1. 


T  2. 


T  3. 


T  4. 
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Frame  3 


Section  A  of  the  CABC  system  is  located  on  the  right  hand  side  o£ 
the  trainer-    This  section  contains  some  very  important  equipment.  The 
angle  of  attack  probe^  commonly  called  the  alpha  probe^  is  located  in 
this  section. 


The  alpha  probe  (a)  is  shovn  in  the  panel  at  the  left.    By  manually 
rotating  the  ^  probe^  the  Indexer  lights  and  angle  of  attack  indicator 
will  operate.    Directly  under  the      probe  you  will  find  tlie  :  'obe  test 
points  (B).    Three  RED  lights  (C)  under  the  cmC  probe  are  used  to  Indicate 
<=<  probe  heater  operation* 

Pltot  and  static  connectors  (D)  are  located  on  this  part  of  the  trainer. 
The  pltot  and  static  connectors  are  different  sizes  which  prevents  Incorrect 
hookups  of  a  pressure  test  set*    These  two  connectors  are  the  only  pressure 
inputs  to  the  trainer.    Therefore,  the  tester  being  used  to  perform  a  trainer 
leak  test,  will  be  connected  at  these  points.    The  Ps  and  Pt  hoses  will  be 
connected  to  the  pressure  inputs  on  the  trainer. 

An  AC  pover  connection  (E)  is  used  to  supply  power  to  the  TTU'-205C/E 
pressure  test  set,  which  is  used  for  leak  checks  on  the  trainer. 

The  total  temperature  probe  (P)  is  located  bftside  the  pltot^statlc 
connectors.    The  test  points  (G),  located  under  the      probe*  are  used  for 
troubleshooting.    A  single  RED  light  (H)  located  under  the  T.  probe  test 
points,  is  used  for  T.  probe  heater  operational  checks. 


TEST 
POINTS 
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Match  the  name  of  the  component  with  the  letter  In  the  panel  below* 

  probe  test  points. 

  c<  probe. 

■       AC  power  connector. 
  probe  heater  light. 

  Pitot-statlc  connectors* 

r 

  oC  probe  beater  lights . 

  c<  probe  test  points* 


mi 

Frame  4 


Section  B  located  on  lower  right  side  of  the  trainer  contains  test 
points  sintulating  the  escape  capsule  (escape  panel)  disconnect  connectors. 
These  test  points  are  shown  below* 

NO  RESPONSE  REQUIRED 


/H8  ' 


Frame  5 

^i^..^^"!^""       located  on  tha  Wr  front  of  trainer,  simulates  the 
electronic  equipment  oay  and  contains  the  CADC  unit,  MSMA  amp,  AMI  amp 
AWI  amp,  and  test  points  for  each  located  under  the  component. 

J^°t  ^^^^^  components  (plus  some  built  in  self-testing  devices) 
b2ow  '         °^  '^'^  component  is  lettered  and  lisHS 


A. 
B, 

C. 
D. 
E. 


AWI  amplifier.  p. 

AMI  amplifier.  g. 

MSMA  self-test  light,  h. 

MSMA  press  to  test  switch.  i, 

CADC  self-test  ii|ht.  j. 


CADC  HI  self-test  switch. 
CADC  LO  self-test  switch. 
CADC  press  to  test  switch. 
CADC  unit. 
MSMA  an^Hlfler. 


POINTS 


SECTION  C 


Match  the  name  or  the  components  zo  panel  shown  belcw  by  placing 
the  letters  in  the  spaces  provided. 


1. 

CADC  unit. 

6. 

CADC  HI  self-test  switch. 

2. 

MSMA  amplifier. 

7. 

CADC  press  to  test  switch. 

3. 

CADC  self-test  light. 

8. 

AMI  amplifier. 

A. 

AWI  amplifier. 

9. 

MSMA  self-test  light. 

5.  

MSMA  press  to  tost  switch. 

10, 

CADC  LO  self-test  switch. 

/////////////////////////////// 

Answei's  to  Frame  3:    1.    G       2.    A       3,    E       4.    H     5.    D     6.  C 
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Trase  6 


The  trainer  power  patxel  is  located  on  Section  D  of  the  trainer  •  This 
panel  is  shown  on  the  diagram  below.    The  CAJX  system  trainer  power  panel 
is  located  on  the  lefthand  side  of  Section  D*    There  are  two  switches  and 
two  lights  located  on  this  panel*    The  two  switches  are  the  DC  ^nd  AC  power 
switches,    S-1  supplies  DC  pow&r  to  the  trainer  and  S-2  supplies  AC  power 
to  the  trainer. 


S-l 


PL! 


3-2  aa 

'SECTION  D 


FRONT  VIEW 


Mark  T  for  True  and  F  for  False  in  the  space  provided  for  the 
statements  below. 


1,    Trainer  power  panel  is  located  on  the  front  of  the  CADC  system 
trainer. 


2,  S-l  supplies  AC  and  DC  power  to  the  CADC  systm, 
3*    S-2  supplies  AC  power  to  the  trainer* 


nnnnniininiiniiiiiiiii 


Answers  to  Frame  5:    1*  2,  _J_  3,  JE_  4*  __A_   5,  J)_   6,  _F_ 

7,    H     8.    B       9,    C       10,  G 


Frame  7 

The  two  lights  located  on  the  CADC  system  power  panel  are  the  PLl  light 
and  PL2  light.    The  PLl  light  is  the  28VDC  indicator  light  and  the  PL2  light 
is  the  AC  Indicator  light.    When  the  FL2  light  is  illuminated  it  shows  that 
115/208V  3-phase  400  Hz  AC  power  in  the  correct  phasing  is  applied  to  the 
trainer.    This  indicator  light  must  be  illuminated  before  the  DC  and  AC 
control  switches  are  placed  to  the  "OH*'  position.    The  trainer  power  panel 
is  the  second  step  in  applying  power  to  the  CADC  system. 


S-2 


FRONT  VIEW 


Mark  T  for  True  or  F  for  False  in  the  space  provided  for  the 
statements  below. 


1.  PL2  indicates  DC  power  applied  to  the  trainer. 

2.  PLl  indicates  DC  power  applied  to  the  trainer. 


  3.    PL2  indicates  AC  power  applied  to  the  trainer. 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 
Answers  to  Frame  6:    1.    T     2.    F     3.  T 
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?rame  8 


Now  that  you  know  how  to  apply  power  to  the  CADC  trainer*  there  are  a 
couple  of  trainer  peculiarities  that  you  should  know.    (Trainer  peculiarity 
refers  to  equipment  on  the  trainer  not  to  be  found  on  the  aircraft)*  A 
trainer  simulator  panel  located  on  the  front  of  the  trainer  (Section  D)  is 
one  of  these  peculiarities.    It  is  used  to  simulate  inputs  to  the  CADC  system 
that  would  normally  be  supplied  by  components  that  are  not  a  part  t^he 
CADC  system*    The  trainer  simulator  panel  shown  below  contins  the  following 
controls? 

1,     Wing  Sweep  Position  Control  -  Provides  simulation  of  wing  sweep, 

2*     Wing  Flap  Position  Control  -  Provides  simulation  of  wing  flap 
and  slat  movement « 

3»     Landing  Gear  Position  Switch  *  Simulates  gear  up  or  gear  down, 

4,  Wing  Sweep  Handle  Control  -  Provides  simulation  of  wing  aweep 
handle » 

5,  Vertical  Acceleration  Control  *  Provides  simulation  of  "G"  forces* 

The  panel  also  contains  test  points  of  Wing  Sweep,  Wing  Flap,  and 
Vertical  Acceleration  for  troubleshooting  purposes. 
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Match  the  list  of  controls  with  their  functions  by  placing  the 
number  of  the  control  in  the  spaces  provided  for  each  function. 


1*  Vertical  Acceleration  Control 

2.  Wing  Sweep  Handle  Control 

3.  Landing  Gear  Position  Switch 

4.  Wing  Sweep  Control 

5.  Wing  Flap  Control 


a.  Provides  simulation  of  wing 
sweep . 

b.  Provides  simulation  of  wing 
flap  and  slat  movement. 

c.  Landing  gear  (Up  -  Down) 
simulation. 

d*    Provides  simulation  of  "G" 
forces . 

e.    Provides  simulation  of  wing 
sweep  handle. 
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H^ny  times  the  actual  aircraft  eqtoipment  cannot  be  used*  Therefore 
the  equipment  is  simulated*    Simulated  means  representing  aircraft  equip- 
ment*   It  is  not  necessarily  a  true  representation  of  the  actual  thing* 
Section  "E'*  contains  th3  simulated  cockpit  instrument  panel*    Located  on 
this  panel  are  the  CACC  system  circuit  breaker  panels  the  simulated 
Instrument  'lanel^  the  CADC  ground  check  panels  and  the  trainer  malfunction 
panel.    The  Instrument  panel  is  outlined  in  the  center  of  Section  "E"* 
Reference  Frame  2^  Page  3^  Section  "E'\ 

The  Section        panel  shown  on  the  next  page  shows  all  of  the  components 
and  panels  identified  for  your  reference*    Below  is  a  list  of  these 
components  referenced  to  that  panel, 

k*  Total  temperature  indicator* 

B*  Reduce  speed  light* 

C*  Indexer  lights, 

D*  AHI  indicator* 

E,  AWI  indicator* 

F*  Standby  airspeed  indicator* 

G*  Standby  vertical  velocity  indicator* 

H*  True  airspeed  indicator* 

I*  Standby  altimeter* 

J*  o</b  (Alpha  probe  heater  malfunction  light)* 

* 

K*  Tj.  malfunction  light* 

L*  Ground  check  panel  (contains  the  CADC  system  power  sxritch)  * 

M*  CADS  (Warning  light  for  the  CADC  system)* 

N*  External  environment  control  panel* 

0*  Flight  control  test  panel* 

P*  Wing  sweep  indicator* 

////////////////////////////// 

Answers  to  Frame  8:    a.    4     b.  5     c.    3     d.    1     e.  2 
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Match  the  names  o£  the  components  and  panels  to  the  oanel  shc".jn  on 
Page  14  by  placing  the  letters  In  the  spaces  provided* 


1. 
2. 
3. 
4. 
5. 

6. 
8. 


AMI  Indicator « 

Standby  airspeed  Ind* 

Standby  altimeter* 

malfunction  light* 

External  environment 
control  panel. 

indicator* 

Xndexer  lights* 

AWI  indicator* 


9* 
10* 
11* 
12* 

13* 
14* 
15* 

16* 


Reduce  speed  light. 

CADC  warning  light* 

Wing  sweep  Indicator* 

Standby  vertical  velocity 
Ind* 

True  airspeed  Indicator* 

c</h  (probe  heater  light)* 

Ground  check  panel*  (CADC 
system  power  switch*) 

Flight  control  test  panel. 
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Frame  10 

The  ground  check  panel  of  the  simulated  instrument  panel  contains 
the  CADC  system  power  switch*    This  jround  check  panel  was  mentioned 
in  "L"  of  the  previous  frame*    The  CADC  system  power  switch  must  not  be 
confused  with  the  trainer  power  switch  contained  in  Section  "D"*  The 
CADC  system  power  switch  supplies  power  to  operate  the  CADC  system  which 
Is  located  In  the  trainer* 

KO  RESPOUSE  REQUIRED 


////////////////////////////// 

Answers  to  Frame  9:    1.  _D_   2.  JF_   3.  4.  _K_   5.  _H_   6.  _A 

^*  8.  _E_   9.  _B_   10.  _M_    11.  _p_  12.  _G_   13.  _H_   14.  _J 

15.    L     16.  0 
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DESIGMB)  FOR  ATC  COURSE  USE 
DO  NOT  USE  UK  Viffi  JOB 
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Instrument  Flight  Control  Branch  3ABR32531-WB-304 
Chanute  AFB,  Illinois  3ABR32632B*WB-404 

CENTRAL  AIR  DATA  COMPUTER  SYSTEM 

OBJECTIVES 

Given  a  workbook^  test  equipment  and  trainer,  perform  an  Inspection 
and  operational  check  of  an  air  data  computer  system  with  a  minimum  of 
100%  accurate  workbook  responses. 

Given  a  workbook^  test  equipment  and  trainer,  troubleshoot  an  air 
data  computer  systet;t  with  a  minimum  of  75Z  accurate  workbook  responses. 

EQUIPMENT 

Basis  of  Issue 

Central  Air  Data  Computer  Trainer  2/studer)t 
Schematic  Diagrams 

3ABR32632B-HO-404/3ABR32531-HO-304  2/student 

Multimeter,  AN/PSM-6  2/dtudent 

AFTO  Forms  349  As  required 

PROCIiDURE 

This  workbook  Is  divided  into  three  sections;  A,  B,  and  C*  After 
completing  each  section^  check  with  your  instructor  so  he  can  certify 
your  answers  are  correct.    Read  all  steps  carefully*    REMOVE  ALL 
JEWELRY. 

^  Section  A 

VISUAL  INSPECTION 

Have  your  Instructor  assign  you  a  trainer  and  then  complete  a 
visual  Inspection  of  It.    Place  a  checkmark  (/}  In  the  correct  column. 

1^     Check  for:  Satisfactory  Unsatisfactory 

a.      Missing  components  , 


b.  Damaged  or  c'lsconnected 
cannon  plugs 

c.  Loose  or  frayed  wiring     

d.  Damaged  components 

2«     Notify  the  Instructor  If  any  discrepancies  are  found. 

Supersedes  ST  3ABR32632B-WB-404,  3ABR32531-WB-304,  30  April  1976; 
3ABR32531-WB-306,  26  March  1975;  3ABR32632B-WB-502,  15  May  1974,  which 
may  be  used  until  existing  stocks  are  exhausted. 
OPR:    3360  TTG 
DISTRIBUTION: 

3360  TTGTC-W  -  200;  '  TTVSR  -  1 
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3.  Prepare  the  CADC  trainer  for  pre-operatlonal  checks, 

a.  Insure  that  the  CADC  power  switch  Is  In  the  OFF  position. 
The  CADC  power  switch  Is  located  on  the  ground  check  panel. 

b.  Insure  chat  the  AC  and  DC  power  switches  located  on  the 
left  front  of  the  trainer  Below  the  table  top  are  In  the  OFF  position. 

c.  Insure  that  the  AC  and  DC  power  switches  located  on  the 
rear  of  the  trainer  are  In  the  OFF  position. 

4.  Complete  the  following  pre-^operatlonal  checks  on  the  trainer 
control  panels. 

CONTROL  LOCATION  POSITION 

Malfunction  switches  Right  side  of  Instrument  panel  Out 

System  circuit  breakers      Left  side  of  Inatrument  panel  In 

Pltot/Probe  heat  External  environmental 

control  panel  OFF/ SEC 


CADC  high-off-low 
switch 

Ground  check  panel  . 

OFF 

Barometric  set 

AWI 

29.92'*  Hg 

CADC-MSMA  slimilated 
temperature  panel 

Center  front-below 
table  top 

NORM 

Wing  sweep  position 
control 

Right 
table 

front-below 
top 

Wing  sweep  handle 
position  control 

Right 
table 

front-below 
top 

16" 

Flap  position  control 

Right 
table 

front-below 
top 

Full  up 

Landing  gear  safety 
switch 

Right 
table 

front-below 
top 

GRD 

Landing  gear  poaltlon 
switch 

Right 
table 

front-below 
top 

DN 

Vertical  acceleration 
(G)  control 

Right 
table 

front-below 
top 

+1G 

After  all  controls  have  been  checked  and  set  lAf?  section  A, 
have  the  Instructor  verify  completion  of  section  A  before  proceeding 
to  aectlon  B. 
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Section  B 


OPERATIONAL  CHECK  OF  THE  CENTRAL  AIR  DATA  SYSTEM 


1*      InBure  that  .all  controls  ate  In  the  positions  outlined  in 
section  A  of  this  workbook* 

2»      Insure  that  all  circuit  breaicftrs  are  engaged* 

Mote:    Power  to  the  trainer  is  furnished  tJiiongh  facility  drop 
cords*    Each  drop  cord  is  properly  marked  either  L15V  AC^  400  Hz» 
or  28V  DC. 

3«      Connect  the  two  (2)  power  cables  on  the  hack  of  the  trainer 
to  Lhelr  proper  facility  drop  cord-^ 

4*      Place  AC  and  DC  power  witches  on  the  back  of  the  trainer  to 
the  ON  position 

5*      Place  the  AC  and  DC  power  switches*  Jocated  on  the  left  front 
of  the  trainer  below  the  table  top»  to  the  Otf  position- 
Note:    The  AC  and  DC  power  lamps  will  light*    If  (Key  fail  to 
light »  retum  AC  and  DC  power  switches  to  the  OFF  position  and 
notify  the  instructor* 

6*      Position  the  CADC  power  switch  *  located  on  the  ground  check 
panel »  to  the  "POWER**  position  • 

7*     'Allow  the  vertical  scale  indications  to  stabilize* 

8*     Observe  that  the  signal  reliability  flags  on  the  airspeed 
tape  and  the  course  altitude  tape  go  out  of  view  and  that  the  CADS 
lamp  goes  off* 

9»      Operate  the  three  (3)  slewing  switches  (2  on  the  AMI  and  1 
on  the  AWI)  *    Observe  that  you  have  two  speeds  up  and  two  spaeds  down* 
Insure  that  there  is  movement  of  the  mach*  airspeed  and  altitude 
digiral  counters t  and  command  markers* 

10*     Rotate  the  vertical  accelerometer  control  and  insure  that 
there  is  movement  of  the  accelerometer  tape  and  the  accelerometer 

counter. 

IK     Rotate  the  angle  of  attack  transmitter  located  oci  the  right 
side  of  the  trainer*    Observe  movement  of  the  angle  of  attack  tape 
and  angle  of  attack  indexer* 

12*     Depress  and  hold  the  press'-^tO'-test  button  and  the  low  test 
button  on  the  front  panel  of  the  CADC*    The  CADC  lamp  shall  light  and 
go  out  immediately* 

13*      Release  the  press«to-test  and  low  test  buttons*    Allow  the 
CADC  to  stabilize* 


14.  Depress  and  hold  Che  press-co-cesc  button  and  the  CADC  high 
cesc  buccon.    The  CADC  lamp  shall  light  and  Chen  go  ouc  wichin  6C 
seconds. 

15.  Release  che  press-co-cesc  and  CADC  high  cesc  buccons*  Allow 
Che  CADC  Co  sCdtbilize. 

16.  Place  Che  airspeed  slewing  swlcch  to  Che  DETENT  posicion. 

17.  Depress  and  hole  che  maacar  cesc  buccon  and  posicion  Che  CADC 
high^off-lou  swicch  Co  che  low  posicion  and  hold.    Xndicacions  shall 
drive  Co  che  values  lisced  balow. 

a.  AlCicude  (Hp)  2,000'  +  or  -  220* 

b.  Mach  (M)  .40  M 

c.  Airspeed  (Vc)  153  knots  +  or  -  19  knocs 

Noce:    The  airspeed  cape  and  councer  muse  agree.    4-  or     3  knoCs. 

d.  Vercical  velocicy  (Hpr)  -  SXighc  climb  Chen  return  co 
0  fpm  +  or  -  100  fpm* 

e.  Angle  of  aCCack  («  t)  7**  -h^  or  *  .75** 

Noce;    The  lower  '*V"  shall  be  lie  on  Che  angle  of  aCcack  indexer* 

f.  True  aitspeed  (Vc)  157.6  knocs  +  or  -  13  knoCs. 

Moce:    The  signal  reliability  flags  on  che  airspeed  cape  and 
alcicude  cape  shall  be  in  view  and  che  CADS  lamp  shall  ba  lie. 

18.  Release  Che  mascer  Cest  button  and  the  CADC  high-off^lov 
switch  and  allow  che  CADC  Co  scabili2e. 

19.  Depress  and  hold  the  master  Cest  buccon  and  position  che 
CADC  high-off-^low  tesc  switch  Co  che  high  position  and  hold*  Xndica- 
cions shall  drive  to  che  following  llstad  values. 

Noca;    The  maximum  safe  mach  bar  shall  come  into  view  and  rise 
upscale  between  .57  and  .97  mach  indicaclond. 

a.  AltiCude  (Hp)  60,000*     or  -  220' 

b.  Mach  (M)  2.3  M  +  or  ^  .05  M 

c.  Airspeed  (Vc)  *  See  noce  below.  -  493  knots  +  or  - 

19  knocs.  ^ 

d.  Vertical  velocity  (Hpr)  -  40,000  fpm  climb  when  alcitude 
reaches  60^000'  Hpr  shall  read  0  fpm  -f  or  -  100  fpm. 
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Jj  e.     Angle  of  attack       t)  **  See  aote  below  -  10"*  +  or  - 

7S^ 


True  airspeed  (Vt)  -  1148,8  knots  +  or  -  13  knots, 

Note:    *  The  airspeed  tape  and  counter  must  agree.    +  oc  -  3  knots 

**  The  ''center  circle*'  shaiJ  be  lit  on  the  angle  o£  attack 
indexer « 

The  signal  reliability  flags  on  the  airspeed  tape  and 
altitude  tape  shall  be  in  view-    The  CADS  lamp  and  the 
REDUCE  SPEED  lamp  ahall  be  lit. 

20*      Release  the  master  test  button  and  the  CAJ>C  htr.h-of f-low 
switch*  and  allow  the  CADC  to  stabilize. 

21.  Depress  and  hold  the  instrument  test  button  located  on  the 
ground  check  panel*    The  following  indications  fihall  be  observed. 

a.      Altitude  (Hp)  -  74,000'  +  or  -  150* 

Airspeed  (Vc)  ^  800  knots  +  or  -  10  knots. 

c.      Mach  (M)      2.44  M  +  or  -  ,01  M, 

22.  Release  the  instrument  test  button  and  allow  the  tapes  to 
stabilize, 

23.  Depress  and  hold  the  presa"*to**test  button  and  the  high  test 
button  on  the  front  panel  of  the  CAI>C.    Allow  the  CADC  lamp  on  the 
front  panel  of  the  CADC  to  light  and  then  go  off,    CONTINUE  TO  HOLD 
nm  TEST  BUTTONS. 

24.  Deprees  and  hold  the  maximum  safe  mach  self-test  button 
located  on  the  maximum  safe  mach  assembly. 

23,     The  maximum  safe  mach  assembly  self-test  lamp  shall  light 
and  then  go  off  within  20  seconds,  at  which  time  the  REDUCE  SPEED 
lamp  shall  be  lit  and  the  maximum  safe  mach  bar  shall  indicate 
2.20  mach. 

26,      Release  all  test  buttons  and  allow  the  CADC  and  the  MSHA 
CO  stabilize. 

21.      Place  the  CADC  power  switch  to  the  OFF  position*  Observe 
that  one  (1)  OFF  flag  on  the  AMI  and  one  (1)  OFF  flag  on  the  AWI 
are  in  view.    Also  observe  that  the  CADS  lamp  has  Illuminated. 

28,  Place  the  AC  and  DC  power  switches  on  the  front  of  the 
trainer  to  the  OFF  position* 

29,  Place  the  AC  and  DC  power  switches  on  the  rear  of  the 
trainer  to  the  OFF  position  and  disconnect  the  trainer  power  cables. 
Proceed  to  section  C  of  this  workbook*  f  nr  >^  o 


Section  C 

TROUBLESHOOTING  THE  CENTRAL  AIR  DATA  COMPUTER  SYSTEM 

1*      Set  the  tralnei:  controls  lAW  section  A*  stops  3  and  A  of  this 
workbook* 

2,  Complete  the  first  7  steps  lAW  section  B  of  this  workbook* 

3,  Place  the  malfunction  switch  (designated  by  the  Instructor) 
to  the  IN  position  and  verify  each  malfunction  by  performing  the 
operational  check  lAW  section  B  of  this  workbook* 

Hote:    The  actual  malfunctions  may  not  be  as  described  in  the 
workbook  problemSt  ox  may  not  exist  at  all* 

4«      Wtlte  the  actual  malfunction  In  the  ^^Dlscrepancy^^  block 
on  the  A7I0  Forms  349* 

5,      Obtain  an  AN/PSM-6  from  your  Instructor* 

6*     Using  the  multimeter  and  vertical  scale  flight  Instruments 
wiring  diagrams^  Identify  the  cause  of  the  malfunction  and  record  the 
cause  on  the  AFTO  Form  349* 

7*     Using  the  lF-<lll(B)A-06  Work  Unit  Code  Manualt  complete 
the  AFTO  Form  349  blocks  listed  below* 


1 

-  Job  Control  No, 

2 

-  Workcenter 

3 

-  I.D.  Ho. /Serial  No. 

7 

-  Priority 

A 

-  Type  Halntenance 

C 

-  Work  Unit  Code 

D 

-  Action  Taken 

E 

-  When  Discovered 

F 

-  How  HalfuncCioned 

8*      Repeat  steps  1  through  7  of  this  section  until  all  assigned 
malfunctions  have  been  completed* 

9,     Give  all  completed  material  to  your  instructor* 

Instructor *6  Initials   
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1.  Capt*  Williams  reported  that  during  his  flight  in  aircraft 
63-0063  the  AOA  read  -10**'  Job  number  320-0001  was  assigned  to  your 
shop  A92AB,  on  a  priority  2» 

2.  Your  shop,  A92AB,  received  Job  numbei:  3^5-0002  as  a  prloritjr 
2  requirement.  The  write  up  noted  that  'olonel  Jones  had  AOA  problems 
during  his  flight  in    Ircraft  68-0299- 

3*      Job  number  022-0003  assigned  to  your  shop  A9v:Aii,  prlcrlty  2* 
Lt*  Winston  wrote  up  the  "G's"  tape  as  reading  off  scale  during  his 
flight  In  aircraft  64-0142- 

4,      "G"  tape  Inoperative  was  the  discrepancy  noted  by  Major 
Wsiker  during  his  mission  in  alrcrafj:  number  67-0314.  Maintenance 
control  asrtlKued  job  mimber  0O4-0004  to  yo<!r  pNop  A92Ar.,  priority  2, 

5-      General  Thompson  wrote  up  the  cros«-!iatched  bar  on  the  AMI 
as  being  at  the  top  of  the  scale  during  his  f  light.    Job  number  022-0005 
wafl  assigned  to  your  shop  A92AB,  against  aircraft  number  065-00 13  under 
a  priority  2. 

6*  Job  number  055-0006  was  assigned  to  your  shop  A92Afl,  on  a 
priority  2,  Major  Huston  noted  that  the  MSM  bar  was  in  view  at  all 
times  during  his  flight  on  aircraft  67-014* 

7,  029-007  was  job  number  that  maintenance  control  assigned 
to  your  shop  A92AB*  The  pilot  of  aircraft  62-0084,  Captain  Mason, 
noted  that  during  his  pre-fllght  inspection  the  command  mach  could 
not  be  set;  this  was  a  priority  2* 

8.  Your  shop,  A92AB,  received  a  priority  2  job  from  maintenance 
control,  witU  an  assigned  number  of  037-0008*    The  problem  was  written 
up  by  Major  Koyce  as  "erratic  mach  tape"  and  was  discovered  during  a 
functional  check  flight  on  aircraft  67-0222* 

0.     Lt*  Scott  noted  that  the  mach  tape  appeared  jerky  during 
his  flight  in  aircraft  69-0009 t    Job  control  number  047-0009  was 
assigned  to  your  shop  A92AB,  with  a  priority  2* 

LO.      Lt*  Scott  also  discovered  that  the  AMI  slew  switch  was 
inoperative t    Maintenance  control  assigned  job  number  047-0010  to 
your  shop  A92AB,  to  cover  the  in^-flight  discrepancy  on  aircraft 
69-0069  on  priority  3* 

11*     Airspeed  indicator  erratic  was  the  problem  that  Colonel 
Bamhardt  discovered  during  his  flight  in  aircraft  66-0245,  Job 
number  283-0011  was  assigned  to  your  shop  A92AB,  as  a  priority  2* 

12,      The  pilot  of  aircraft  65-0222  discovered  that  the  AMI  OFF 
flag  was  in  view*    Major  Taylor  stated  that  this  condition  existed 
during  the  entire  flightt    Your  shop  A92AJB,  was  given  job  number 
384-001?  priority  2.   ,  1  ^  4  er 
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13.     The  discrepancy  was  discovered  In  fllgiit  by  Colonel  Garner 
«  nY^^"^"       *®  "erratic  altitude  tape."    The  aircraft  numlier  waa 
t)3-0X85.    Your  shop  A92AB,  received  from  maintenance  coritrol  ,  job 
nuinber  333-0013  with  a  priority  2. 

1«.     Captain  Craig»  during  his  flight  in  aircraft  66-OA77,  noticed 
a  Uuctating  altitude  tape.    Maintenance  control  gave  your  ahop  A92AB 
Job  number  287-OOlA,  priority  2.  /  f  , 

15.  Maintenance  control  gave  your  »liop  A92AB,  Job  number  P99-0015 
fo  cover  Lt.  King's  in-flight  write  up  on  an  inoperative  altitude 

slew  switch  on  aircraft  69-0711,  priority  3. 

16.  During  his  miasion  in  aircraft  70-01*3,  C&tJtain  Kidd  reported 
on  inoperative  Wt.    your  shop  A92AB,  waa  given  job  nuinber  157-0016  bv 
maintenance  control  priority  2. 

17.  Major  Disaster's  misaion  in  aircraft  62-0123  resulted  in  an 
abort  when  he  discovered  a  CADS  warning  lamp  ON  during  hia  pre-flight 
checka.    Job  number  231-0017  was  assigned  to  your  shop,  A92AB.  by 
maintenance  control  priority  2. 

r  «  T?^        indicator  erratic  was  the  problem  discovered  by 

Colonel  Hall  during  his  flight  in  aircraft  66-0062.    Your  shop  A92AB, 
was  assigned  Job  number  011-0018  on  a  priority  2. 

19.  A  burned  out  doughnut  light  on  the  AOA  indexer  was  the 
fiSyir"*'L?°««?«**y  Captain  Marvel  during  his  flight  in  aircraft 
t>/-oxyj.    001-0019  was  the  job  number  sent  to  your  shop,  A92AB  bv 
maintenance  control  with  a  priority  2. 

20.  Colf-iel  Canyon  had  an  AWI  OFF  flag  come  into  view  about 
half  way  throujh  his  flight  in  aircraft  69-0072.    Due  to  the  nature 
of  the  problem,  the  Colonel  then  aborted  the  mission.  Maintenance 
control  gave  Job  number  007-0020  to  your  shop,  A92AB  on  a  priority  2. 
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BENCH  CHECK  OF  THE  AIR  DATA  COMPUTER 


OBJECTIVE 


Given  4  mrkbook  and  teat  equipment^  bench  check  components  o£ 
An  air  data  computer  system  with  a  minimum  o£  SOX  acc.irate  workbook 
responiaa* 

E^iUtPkENf  ^ 

Baaia  of  laaue 
AM/ASH-201H»  Teat  Bench  1/2  students 

TTU-205C/B  Pneumatic  Teat  or  1/2  students 

Fteeeure  and  Fltot-statlc 
Control  Panel 

PROCEDURE 

Seaova  all  jewclry>    Read  this  workboolc  carefuUy»  it  will  guide 
you  through  the  bench  check. 

SPECIAL  NOTE 

,  Do  not  lat  the  many  dials  and  switches  confuse  you»     I£  you 
experience  problema  In  attaining  the  specified  Indications^  back  up 
and  reaccoiiq>ll^  the  steps  for  that  particular  test*   Host  likely 
you  hava  mlaadjuated  a  dial  or  left  a  at^p  out  all  together*  Do 
this  as  often  aa  necessary  to  learn  the  proceas*    If  you  still  can 
not  solve  the  problem*  consult  the  instructor » 

All  tha  equipment  haa  been  hooked  up  properly^  except  for  the 
electrical  connectora  and  poaalbly  the  pltot  static  preaaure  llnea 
of  the  TTU-205C/Et    Tha  pltot  preseure  snd  pltot^statlc  preaaure 
panel  aay  ba  uaed  in  place  of  the  TTU*205/E  If  neceaaary*    Keep  thle 
in  mind  nhan  you  make  tdjuatments  throughout  this  lab  project* 

Many  of  th^  iteps  listed  in  this  workbook  ware  taken  from  the 
applicabXa  technical  order*    I)dwavar«  aome  of  the  steps  have  been 
rearranged  and  simplified  to  enhance  student  learning*    Keep  in  mind 
that  you  miet  alweya  use  the  currant  technicel  order  vhan  Performing 
malatanaqca  of  Inetmnent  eyetame  in  the  field* 

Sefora  you  begin  tha  bench  check  of  the  air  data  computer^ 
you  ahould  becoM  familiar  vlth  tha  abbrevlatlone  found  in  this 
workbook*    Belov  are  the  abbreviations  and  thalr  maanlnga  for  your 
rafarance*         ^  ^— ^  ^— 

ADC  AIR  DATA  COKPUtBR 

ADQTS  AXR  DATA  COMPUTER  TEST  SET 

ABDTB  ALTlTtmi  INCODSR  UNIT  TEST  SSI 

StffT  S?C  MODULE  PNEUMATIC  TESTER  . 

PTS8  PRESSURE  T91PSRATURS  TEST  SET  (TTU-205C/E) 

tA8  TRUE  AIRSPEB) 


Thia  aupgrsedea  3ABR3253>WB*307»  14  March  1975* 
OPJU  3360TTO 
DiaOUUXIONl  X 
33MTTQTC««    200t  TTY8R  *  1  ^ 

l5^8 


* 


a. 

b. 

C4 

d. 


h. 
i. 
J. 


AH/ASM-201B  teat  bench. 

tVtVr  """''^^  -/ontaina  angl.  of  attack  indicator,  air- 
cS:;2t«  LSer?""*                ^^'°'='^^  ^""^^"^^  mJi^tor. 
SpiclAl  purpoa^  cable  to  computer, 

TTU-205C/E  prcaaurc  temperature  teat  aat  or  pitot 
•tatic  control  panel  as  a  aubetituta. 
Pnaumitlc  taatar/SPC  modula« 

Altituda  encodar  taat  aet  -  ASM-270A. 


prtsaure  and  pitot" 


STEP  1 


Locata  the  ADC  model  numbar  Uatad  on  the  nomenclature  plate 
of  the  particular  ADC  under  teat.    Llat  thla  number  here 


4  J4  ?'  following  peragrapha  and  rollow  the  direction,  aa 

indicated  further  in  thia  workbook.    Refer  to  thia  pasa  for 
component  identification. 


AIR  DATA  COMPUTER  TESTING 

ADC  testing  is  divided  into  two  categories;  (1)  operational 
testinTand  Uff-ctional  testing     The  operational  test  is  a  co^ 
nletft  test  of  the  operational  readiness  of  the  ADC.    This  test  is 
'performed  on  newly  'received  ADC's  and  as  quality  assur«.ce  after 
Lintenance  on  the  ADC.    The  functional  f  f 

ADC  functions.  These  tests  are  performed  " J^J^f  J^P^r^^J^^Ji^^ 
functions,  analyze  malfunctions  and  assure  quality  after  corrective 

action  has  been  taken. 
ADC  OPERATIONAL  TEST 
PRELIMINARY  CONTROL  SETTINGS 


Sot  up  each  test  set  oa  the  table  requires 


CONTROL 


SETTING 


(ADCTS) 

)>C)WER 

TtiMP'R 

ANGLE  OF  ATTACK 
BIT 

CLUTCH 

COMMAND/ RATIO 

TAS/SPC  COM^'AHD  AC-DC  RATIO 

AMPLIFIER 

KATIOMETEP.  INPUT 

VTVM  INPUT 

VOLTMETER  IKPUT 

;.^DOLE  CALIBRATE 

42400  MODEL 

MODULE 

AMPLIFIER  VOLTAGE 


OFF 
A  92 
0 

OFF 

OFF 

RATIO 

5000 

OFF 

OFF 

•EXT 

AC  A0 

INT 

SEE  NOTE  BELOW 
SPC 

OUTPUT 


NOTE:  WHEN  TESTING  MODEL  NUMBER  42400-227,  SET  42400  MODEL  DIAL 
TO  215.    FOR  MODEL  42400-229,  SET  DIAL  TO  205. 


(AEUTS) 

POVER 

ALIGNMENT 

TRVM  RANGE 

RESPONSE 

TEST  MODE 

VOLTMETER  INPUT 

ENCODER 

TRVM  INPUT 

FAILSAFE 

FAIL  MODE 

Ln  P8-41  SPEED 

Ln  Ps-41  MODE 

Ln  Ps-41  REFERENCE  ALTITUDE 
AEU  OUTPUT  MODE 
AEU  OUTPUT  SYNCHRO 


OFF 
OFF 
300 

FAILSAFE 

CADC 

DC-5 

READOUT 

EXT 

RESET 

DC 

FULL  CCW 
ADJUST 
00,000 
ADJUST 

B3 


1550 


CONTROL 

SETTING 

(SMPT) 

BAROMETRIC  CORRECTION  KNOB 
POWER 

STATIC  PRESS  SWITCH 

ON 

INDICATED 

(INSTRUMENT  DISPLAY  PANEL) 
WOE 

TEST 

(PNEUMATIC  REGULATOR) 
AC  POWER 
VACUUM  PUMP 
MODE  SELECTOR 

OFF 
OFF 

COMPTR,  COMPEN. 

(PNEUMATIC  MANIFOLD) 
CONTROL 

OFF 

(TTU-205C/E) 
MACH  LIMIT 
FREQUENCY 

ALT.  RATE  X  1,000  FEET/MIN 

A/S,  RATE  KNOTS 

TEMPERATURE  SIMULATOR 

AMPLITUDE,  ALTITUDE /AIRSPEED 

ALTITUDE  FEET 

AIRSPEED  KNOTS 

TRIM  CONTROLS 

Ps  AND  Pt  VENT  VALVES  (2) 

LEAK  TEST  SWITCHES  (2) 

ALTITUDE  HOLD 

POWER 

2.8 
OFF 
5 

250 

30.00 

0 

740 
50 

CENTER  OF  TRAVEL 

CLOSED 

OFF 

NORMAL 
OFF 

STEP  2 

1,  Connect  power  cables;    li5V  AC  400  Hz,  115V  AC  60  Hz, 
28V  DC  to  their  respective  power  outlets. 

2,  Turn  all  six  (6)  power  circuit  breakers,  located  on  top  of 
the  bench  to  the  ON  position.    Multiple  switches  count  as  one, 

3,  Open  RED  pressure  valve  behind  the  test  bench  CCW, 


IHH^  STEP  3 


PRELIMINARY  PROCEDURES 

Follow  procedures  column  for  proper  dial  and  switch  settings^ 
observe  and  compare  normal  indication  column  with  actual  indications* 
Check  S  or  U  for  satisfactory  or  unsatisfactory  completion  of  this 
area* 


PROCEDURE 

llNUILAnvJIN 

1 

SI*rr  ADOTS  I'OWKR  SWITCH  TO  ON 

FAILSAFE  AND  CORR  OFF  LIGHTS  GO  ON 

2 

SiCr  ADCTS  V01.TME1*ER  INPUT  TO; 

EXT  DC  74 

65  TO  80 

ICXT  DC  28 

25.5  TO  30.5 

m  DC  74 

70  TO  78 

INT  DC  28 

25.5  TO  30.5 

im  DC  10 

Q  Tfl   1 1 

AC  C0 

X  U  Q  *-v 

AC  80 

XwO  lU 

AC  26 

OA  Tfl  2ft 
£M    x.\J  £tO 

AC  A0 

108  TO  122 

3 

SET  AEUTS  POWER  TO  ON  AND  ALLOW 

POWER  LIGHT  GOES  ON,  DISREGARD 

ALTITUDE  TO  STABILIZE 

Sirr  AKUTS  VOLTMETER  INPUT  TO: 

VOLTMETER  READINGS: 

DC 

4.25  TO  5.75 

DC  1 

/t.2')  TO  5.75 

DC 

27  TO  29 

AC  10 

9  TO  11 

AC  2f> 

24  'i'O  2H 

AC  1J5 

109  TO  121 

SET  PNEUMATIC  REGULATOR  AC 

AC  POWER  LIGHT  GOES  ON 

I'OWER  TO  ON 

S  or  U. 

6 


1552 


m3 


STEP  4 


Read  and  understand  the  ABMOHMAL  PRESSURE  CONDITIONS  procedures 
below. 


In  tha  event  that  the  altitude  and/or  airspeed  range  of  the  test 
set  is  exceeded  when  the  power  switch  is  turned  on,  the  appropriate 
warning  lamp  will  Illuminate,  the  green  lights  will  extinguish  and 
the  pump  will  stop.    To  correct  the  abnormal  pressure  conditions 
accomplish  the  following; 

1,  .Move  the  switch  from  NORMAL  to  READ  m  mode.    Blower  will 
stop  running^  and  ail  power  is  removed  from  tlte  test  set  except  the 
ALTITUDE  and  AIRSPEED  indicators, 

2,  Slowly  op*in  the  pitot  VEOT  valve  until  the  airspeed  indicator 
shows  that  pitot  pressure  is  near  ambient  pressure^ 

3.  .*^lowly  open  the  sutic  VENT  valve  until  the  altitude 
Indicator  shows  that  altitude  is  near  ambient  presaure, 

Hote;    The  pitot  pressure  line  should  be  vented  to  atmosphere 
before  venting  the  static  pressure  line.    This  prevents  creating 
a  negative  differential  presaure.    In  any  event,  check  valves 
in  test  set  that  are  connected  between  the  pitot  snd  static 
output  lines  preventa  more  than  1/2"  Hg  negative  differential 
pressure  from  being  developed.    This  protection  ia  present  whether 
the  test  set  power  ia  ON  or  OFF  or  whether  the  test  set  ia  in 
NORMAL  or  READ  EXTERNAL  modes  of  operation. 

4.  Close  the  static  and  pitot  vent  valvea  and  restore  opera- 
tion by  adjusting  the  airspeed  and  altitude  controls  to  ambient 
settings,  and  place  the  test  switch  from  READ  EXT  to  NORMAL. 

The  KACH  LIMIT  LAMP  (BED)  will  illuminate  whenever  an  airspeed 
Is  commanded  that  exceeds  the  limit  value  corresponding  to  the 
existing  Altitude  and  the  setting  of  the  LIMIT  SET  control.  The 
airspeed  counter  will  run  up  only  to  the  limit  value,  not  up  to  the 
command  value.    The  mach  limit  conditions  may  be  corrected  by: 

1.  Reducing  the  commanded  airspeed. 

2.  Reducing  the  actual  altitude. 

3.  Increasing  the  setting  of  the  MACH  LIMIT  control. 

Note:    If  a  mach  number  greater  than  3.00  is  desired,  ^place 
the  mach  limit  switch  in  the  DISABLED  position. 


ABNORMAL  PRESSURE  CONDITIONS 


STEP  5 


TEST  SEl'  STARTUP  PROCEDURES 


PROCEDURE 

INDICATION 

1 

SET  TTU-205/E  POWER  SWITCH 
TO  ON 

SOTE;    IF  ANY  OF  THE  RED  WARNING  I 
INSTRUCTOR. 

TEST  SET  NORMAL  LAMP  IfILL  LIOHT 

FAN  WILL  OPERATE  AUDIBLY 

READY  GREEN  LIGHTS  WILL  LIGHT  IfflEN 

PRESSURE  HAS  BUILT  UP 
INDICATORS  WILL  DRIW  APPROXIMATELY 

TO  THE  INTITIAL     ;^TROL  SETTINGS 

J^S  SHOULD  ILLUMINATE,  CALL  AH 

STEP  6 

LEAK  CHECK  OF  THE  TTU-205C/E 

Follow  procedures  column  £or  dial  and  switch  settings,  observe  and 
compare  normal  indications  column  with  actual  indications.    Check  S  or 
U  for  satisfactory  or  unsatisfactory  completion  of  this  area-  Before 
performing  the  leak  check,  hook  up  hoses  to  tester  to  supply  pneumatic 
pressures  for  the  test  bench. 

PROCEDURE 

INDICATION 

1  1 

> 

SET  PTTS  ALTITUDE  TO  10,000 
FEET  AND  AIRSPEED  TO  625 
KflOTS 

AITITUDE  ASD  AIRSPEED  INDICATORS 
WILL  STABILIZE 

SET  LEAK  TEST  ALT.  SWITCH 
TO  ON 

LEAK  RATE  IS  LESS  THAN  300  FEET 
IN  TWO  C2)  MINUTES 

S  or  U 

3 

SET  LEAK  TEST  ALT.  SWITCH  TO 
0?F 

WAIT  FOR  GREEN  READY  LAMPS  TO 
ILLUMINATE  ASD  ALLOW  ALTITUDE 
TO  STABILIZE 

SET  ALTITUDE  TO  0  FEET 

ALLOW  TO  STABILIZE 

5 

SET  LEAK  TEST  AIRSPEED  SWITCH 
TO  ON 

LEAK  RATE  IS  LESS  THAN  3  KNOTS 
IN  ONE  CD  MINUTE 

SET  LEAK  Tl'IST  AIRSPEED  SWITCH 
TO  OFF 

WAIT  FOR  GREEN  READY  LAMPS  TO 
ILLUMINATE  ASD  ALLOW  AIRSPEED  TO 
STABILIZE 

S  or  U 

*  STEP  7 


ALTITUDE  HOLD  OUTPUT  TEST 


Follow  procedures  column  for  dial  and  switch  settings,  observe 
and  compare  normal  indications  column  with  actual  indications.  Check 
S  or  U  for  satisfactory  or  unsatisfactory  completion  of  each  area. 


INDICATION 

I 

SET  ADCTS  VTVM  INPUT  SWITCH 
r<)   A  A).T 

: 

SET  PNEUMATIC  MAINIFOLD 
CONTROL  (PR)  TO  VEHT 

SET  PTTS  ALTITUDE  TO  -10 
TO  10  FEET  AND  AIRSPEED 
TO  70  TO  80  KNOTS 

T 

SET  ADCTS  VTVM  RANGE  SWITCH 
TO  3 

NOTE;    VTVH  and  phase  meter  null  ; 
used  for  nulling.    If  VTVM  is  uset 
Che  direction  of  the  control  rotat 

it  Che  Hme  time.    Either  is 

U  the  phase  m«c«r  will  indicate 

:ion  required  to  null. 

VARY  TAS-SPC  COMMAND  AC-DC 
KATIO  CONTROL  FOR  NULL  ON 
PHASE  METER  AND  VTVM. 
RECORD  smtNC  HERK 

tAS-SPC  COMMAND  AC-DC  RATIO  CONTKOL 
SETTING  IS  BETWEEN  4930  TO  5070 

S  or  U 

SET  VTVM  RANGE  SWITCH  TO  30 

— 

7 

SET  PTTS  ALTITUDE  TO  0  FEET 
AKD  AIRSPEED  TO  145  and  155 
KNOTS 



B 

SET  PTTS  A1.TIT!JDE  HOLD  SWITCH 
TO  ALTITUDE  HOLD  AFTER 
STABILIZATION 

.  

9 

SET  ADCTS  VTVM  RANGE  SWITCH 
TO  .3 

NOTE:    IHie  to  allowable  stability 
Computer,  ^altitude  output  and  si 
Comnand  AC-DC  Riitlo  control  null  ( 
.iccofflpilsneo  within  five  (.5/  secoi 
is  positioned  Co  A  Alt.    After  c< 
changes  in  the  VTVM  Indication  thi 
up  to  30  minutes,  nhould  not  exce* 

tolerance  for  the  Air  Data 
tatlc  pressure  input,  the  TAS-^SPC 
adjustment  and  readout  must  be 
\d  period  after  the  clutch  switch 
>mpleting  null  adjustment,  any 
^reafter,  for  any  period  of  time 
ad  292  millivolts. 

IC 

SET  ADCTS  aUTCH  SWITCH  TO 

A  ALT. ,  VARY  TAS-SPC 
COMMAND  AC-DC  RATIO  CONTROL 
FOR  NULL  ON  VTVM  AND  PHASE 
METER  RECORD  SETTING  HERl! 

NULL  OCCURS  AT  A  TAS-SPC  COMMAND 
AC-DC  RATIO  CONTROL  SETTING  OF 
4920  TO  5080,    TAS-SPC  COMMAND 
AC-DC  RATIO  CONTROL  SETTING  IS 
WITHIN  i  0080  OF  SETTING 
RECORDED, 

S  or  U 

i 


PROCEDURE 

INDICATION 

1 1 

KliCORI)  TAS-SPC  COMMAND  AC-DC 
itATIO  CONTfiOl,  SETTING  HERI- 

L' 

SET  PTTS  TTU-205C/E  ALTITUDE 
SWITCH  TO  NORMAL 

 —  

1  I 

SET  PTTS  ALTITUDE  TO  180 
FEET,    DO  NOT  ALLOW  OVERSHOOT 
TO  EXCEED  10  FT, 

AFTER  THE  ALTITUDE  STABILIZES 
SET  THE  ALTITUDE  HOLD  SWITCH 
TO  THE  ON  POSITION 

!■) 

SET  ADCTS  VTVM  RANGE  SWITCH 
TO  3 

NULL  PHASE  METER  AND  VTVM  WITH 
TAS-SPC  COfWAND  AD-DC  RATIO 
CONTROL 

in^-DTb  LtUnnAWU  AC^DC  RATIO  CONTROL 
SETTING  IS  3312  TO  4532  ABOVE 
SETTING  Rprnnnpn 

S  or  U 

IH 
I't 


n 

■  ,»ittf-i;xv^Lj;wiTrrf  ni  u»  ^ 

><KT  inxs  iTii-2n')<:/i:  AJ/riTUf)K/^ 

si:r  i»nw  Ai/t  iTUi)!-:  to  ihw 
I'n  !:x(n-:Ku\()  ft,  >^ 

AriKH  Al/nnim>^TAlULIZES,  iiET 
THE  AlTTTUnPMi()C11  SWITCil  TO 
THK  ON  ParfnTfON  \ 

• 

SKT  JrficrS  VTVM  RANCl-  SHiTCtI  TO 

^ JUIX  PHASE  Ml^TKR  AWD  VIVM  WIT\ 
TaS-SPC  command  AC-DC  RATIO  \^ 

TAS-SPC  COMMAND  AC-DC  RATIO 
CONTROL  SETTING  IS  3312  TO 
4532  BELOW  SETTING  RECORDED 

2i 

SEJ  VTVM  RANGE  SWITCH  TO  300 

SET  PTTS  TTU-205C/E  ALTITUDE 
SWITCH  TO  NORMAL 

25 

SET  ADCTS  CLUTCH  SWITCH  TO 
OKF 

S  or  U 


STEP  a 

POTENTIOMETER,  TAS  SYNCHRO  AND  AAR  OUTPlir  TESTS 

Follow  procedures  Column  for  dial  and  switch,  settings ,  observe 
and  compare  normal  indications  column  with  actual  indications.  Place 
the  letter  S  or  U  Ln  the  spaces  provided  to  indicate  whether  the  test 
was  sat Lflf actor/  or  unsatisfactory* 


/ND/CAT/ON 

1 

SET  THE  PTTS  ALTITUDE  TO  0 
FEEl'  AND  AIRSPEED  TO  536 
KNOTS 

Srr  !>NKUMATI(:  MANHXH.D 
CONTKOt.  (I»r)  Tt)  ON 

SMPT  OUTPUT  PRESSURE  GAUGE  90  TO 
120  PSI 

3 

MOMENTARILY  S!-;i'  ADCTS  S?C  MODE 
SWITCH  TO  KKSi'T 

FAILSAFE  LIGHT  GOES  OUT  AND 
REMAINS  OUT 

/< 

SET  DC  RATIOMKTIiR  SWITCH  TO 
AUTO 

SbT  TEMP'R  CONTROL  TO  587 

6 

SET  ANGLE  Of  ATTACK  CONTROL  . 
TO  -10 

7 

OBKKRVE  AKUTK  LnpR-/»i  ALTITUDF, 

-'i9  TO  39  FEET 

H 

KI'IAI)  i'AS  INDIC'ATtJH  WflKN  USINC 
ADCr.S 

SaS  TU  544  KNOTS 

'1 

.Sl-.T  TAS  lNt)lt:AT()li  SWITCH  TO 

m 

 — 

SI:t  VTVH  INl'lJI'  SWITCH  TO  <»<  I'i 

\  1 

VARY  TAS-SPC  <X)HHAND  A('-DC  KATIO 
CONTROL  TO  OBTAIN  NULL  INDICATION 
ON  PHASE  MCTEF 

TAS-SPC  COMMAND  AG-DC  RATIO  CONTROL 
IS  SET  FROM  4695  TO  4805 

12 

KKT  ANCLE  OF  ATTACK  TO  20 

■  '  

1} 

VARY  TAS-SI*C  COMMAND  AC -DC 
KATIO  COHTROt.  TO  OBTAIN  NUI.L 
INDICATION  ON  PUASR  METER 

TAS-SPC  COMMAND  AC-DC  RATIO  CONTROL 
IS  SET  FROM  1175  TO  1285 

S1;T  RATIOHKTKR  INPUT  SWITCH  TO 
POSITIONS  LtSTIiD  ON  NEXT  PAGF.- 
AT  tvACH  POSITION  OllSERVE 
RATIOMETEK  INDICATION  AND 
RtJCoRD  RliSDLT  IN  SPACI- 
PHOVIDED. 

11 


I  ;■ 


1 1 


15 


16 


PROCEDURE    I  INDICATinKj 


RECORD  TAS-SPC  COMMAND  AC-DC 
HATrO  COOTHOI,  SETTTHC  HERE 


Sl'T  ITI'S  ITU-ZOIC/K  AI.TITUDK 

swrrcii  TO  nohmai. 


.stri'  m's  Ai.TiruDiv  to  iho 

Ft-iri',  UO  NOT  tMlOU  OVKttStlOOr 
TO  f^XCIiKD  10  FT. 


AhTER  THK  ALTlTlfDI-:  STABILISES 
SIvT  THK  ALTITUDK  MOLD  SWITCH 

TO  THE  ON  posirroN 


SCT  ADCT'S  vrv»  RANCH  SWITCH 
TO  ■} 


18 


MULL  PHASE  METER  AND  VTVM  WITH 
TAS-SPC  COMMAND  AD-DC  RATID 
CONTROL 


12 


i^iiKv  m\i  rru-zov:/!-  ajjitudk 

SlftlCtl  To  NORMAL  y 


srrr  p'itw  altjtuok  to  n 
I'lu-rr.   iVnot  allow  j^^rshoot 
ni  i-:xct':Eu\) 


AFfER  AI/riTUU^GTABILtZES,  SET 
THE  ALTTTUniTHOCSl,  .SWITCH  TO 
Tllfi  ON  PgiHTfOH 


rrs  VTVM  RANCK  JMITCI!  TO 


NULL  PHASE  MliTER  AND  Vl'VH  Wm 
TAS-SPC  Ct»(MAND  AC-DC  RATIO 


SET  VrVH  RANGE  SWITCH  TO  300 


SET  P-m  TTU-2D5C/E  ALTITUDE 
.SWtTCH  TO  NORMAL 


SLT  ADCrS  CLUTCH  SWITCH  TO 
OFF 


iTrllr  ^^T^  '^''-^^  CONTROt 
lEil^^       3312  TO  4532  ABOVE 
SETTING  RECORDED 


S  or 


U 


TAS-SPC  COMMAND  AC-DC  RATIO 
CONTROL  SETTING  IS  3312  TO 
4532  BELOW  SETTING  RECORDED 


S  or 


iS58 


PROCEDURE 

INDICATION 

II  yLylK^r^  1  l\^l  y 

19 

OBSERVE  AEUTS  LnPs-Al  ALTITUDE 

20 

READ  TAS  INDICATOR 

253  TO  269  KNOTS 

21 

SET  ADCTS  RATIOMETER  INPUT  SWITCH 
TO  POSITIONS  LISTED  BELOW.  AT 
EACH  POSITION,  OBSERVE  RATIOMETER 
INDICATION  AND  RECORD  RESULT  IN 
SPACE  PROVIDED 

Ratlometer 
Input 

Mln 

Result 

Max 

Pa  2 

1580 

1652 

Ps  AO 

6536 

66O0 

• 

LnPs  A 

116A 

1226 

Qc  21 

916A 

9999 

Qc  23 

9497 

9999 

Hp  27 

1853 

1935 

Hp  28 

1853 

1935 

TAS  15 

1695 

1785 

TAS.  16 

1695 


1785 

TAS  17 

1677 

1765 

TAS  18 

1695 

1785 

TAS  19 

7718 

8811 

T-  25 
T 

OOOO 

0101 

T,  26 
T 

QQQQ 

0101 

M  11 

9331 

9999 

22 

TEST  SPARE  OUTPUT 
IN  PROCEDURE  15 

AS  YOU  DID 

1355  TO  1503 

13 


^•559 


/500 


PROCEDURE 


INDICATION 


23 


SET  PITS  AIBSPBED  TO  654  KHOTS 


24     SET  ADCTS  TEMP'R  COKTROL  TO 
617   


25 


READ  ?AS  INDICATOR 


730  TO  747  KNOfTS 


26     VARY  TAS-SPC  COMMAND  RATIO 
CONTROL  TO  OBTAIN  NULL  ON 
PHASE  MEIER  


TAS-SPC  COMMAND  RATIO  CONTROL 
SETTING  IS  SET  FROM  1215  TO  1325 


27 


SET  ANGLE  OF  ATTACK  TO  -10 


28     VARY  TAS-SPC  COMMAND  RATIO 
CONTROL  TO  OBTAIN  NOLL  ON 
PHASE  METER  


TAS-SPC  COMMAND  RATIO  CONTROL 
SETTING  IS  FROM  5115  TO  5225 


29  i  SET  ADCTS  RATIOMETER  INPUT 
SWITCH  TO  POSITIONS  LISTED 
BELOW.    AT  EACH  POSITION, 
OBSERVE  RATIOMETER  INDICA- 
TION AND  RECORD  RESULT  IN 


14 


inpu  c 

nxn 

Result 

£13X 

10 

Pa  40 

6535 

6600 

LnPs  4 

1164 

1226 

Qc  21 

0065 

1071 

Qc  23 

0000 

0502 

Hp  27 

1853 

1935 

Hp  28 

1853 

1935 

TAS  15 

4875 

4972 

TAS  16 

4875 

4972 

TAS  17 

4826 

4922 

TAS  18 

4875 

4972 

TAS  19 

4550 

5647 

T^  25 

2162 

2364 

T^  2tj 

2162 

2364 

M  11 

0000 

0520 

1560 


/50i 


PROCEDURE 

INDICATION 

30 

TEST  SPARE  OUTPUT  44  AS  YOU  DID 
IN  PROCEDURE  15 

1355  TO  1503 

31 

SET  RAIIOMETER  SWITCH  TO  OFF 

^ET  VTVM  INPUT  SUTTflH  TO  EXT 

33 

SET  RATIOKETER  INPUT  SWITCH  TO 
OFF 

34 

SET  PNEUMATIC  MANIFOLD  CONTROL 
(Pr)  TO  VENT 

STEP  9 

Tt  SWITCH  (duct  temp  hi)  TEST 

PROCEDURE 

INDICATION 

1 

SET  ADCTS  TEMP*R  CONTROL  TO  705» 

713 » 
711. 
704 

Tt  710*  LIGHT  OFF 
ON 
ON 
OFF 

STEP  10 

SHUT  OOWH  PROCEDURE 
1.  nU-205C/E 

PROCEDURE 

INDICATION 

1       ROTAXE  THE  AIRSPEED  CONTROL  TO 

SO  KNcrrs 

2-      ROTATE  THE  ALTITUDE  CONTROL  TO 
740  FEET 

3       ALLOW  PRESSURE  TO  STABILIZE* 
THEN  OPEN  Ps  AND  Pt  EQUALIZER 
CONTROL 

4       SET  POWER  SWITCH  TO  OFF 
POSITION 

IS 

156.1 


2.     AN/ASM-201B  TEST  BENCH 


PROCEDURE 

INDICATION 

1 

CLOSE  RED  PRESSURE  VALVE  B^INO 
TEST  BEHCH 

2 

POSITIOM  VACUUM  PUMP  SWHCH 
TO  OFF 

3 

TURN  PMEUKATIC  MANIFOLD  VALVE 
(Pr)  SWITCH  TO  OFF 

NOTE:    IP  USING  THE  PITOI-STATIC  ( 
DOWN  THE  EQUimENT,  INSURE  THAT  Al 
?ANEL  ARE  VENTED  OFF  THE  COMPUTER 

TONTROL  panel;  BEFORE  SHUTTING 
.L  PRESSURES  ON  THE  CONTROL 

3.     POWER  SETTINGS 

1  PROCEDURE 

INDICATION 

SET  ASCTS  POWER  SWITCH  TO  OFF 

SET  AEUTS  POWER  SWITCH  TO  OFF 

*, 

SPC  MODULE' PNEUMATIC  TESTER 
POWER  SWITCH  TO  OFF 

I  4 

PNEUMATIC  REGULATOR  POWER 
SWITCH  TO  OFF 

5 

SET  AU  SIX  (6)  CIRCUIT  BREAKERS 
TO  THE  OFF  POSITION 

6 

DISCONNECT  POWER  CABLES 

1562 
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VERTICAL  SCALE  FLIGHT  INSTRUMENTS 


21  January  1980 


CHANUTE  TECHBICAL  TRxUNING  CENTER  (ATC) 
3360  Technical  Training  Group 
Chanute  Air  Force  Base,  Illinois  i 


Designed  for  ATC  Course  Use. 
Do  Mot  Use  on  the  Job* 


Flight  Training  Device/Instrument  Branch 
Chanuce  AFB>  Illinois 


3ABR32531-HO-305 


VERTICAL  SCALE  FLIGHT  INSTRUMENTS 

The  schemaclc  diagrams  in  this  handout  support  the  appropriate 
programmed  texts  and  workbooks.    They  will  be  used  by  the  students  as 
directed  by  the  instructor. 

Glossary  of  Symbols  and  Abbreviations 

1*  Hp  -  Pressure  altitude. 

2»  tip  -  Pressure  altitude  rate  of  change* 

3-  M  -  Mach. 

MSM  -  Maximum  Safe  Mach. 

5*  MSMA  -  Maximum  Safe  Mach  Assembly* 

6.  MSMf (q)  -  Maximum  Safe  Mach  as  a  function  of  dynamic  pressure. 

7+  MSMf(Tfat)  -  Maximum  Safe  Mach  as  a  function  of  true  freestream 
air  temperature. 

8.  Ps  -  Statis  pressure. 

9.  Psi  -  Indicated  static  pressure* 

10.  Pt  -  Total  pressure  or  pitot  pressure* 

11.  q  -  Dynamic* 

12.  Qci  -  Indicated  differential  static  pressure. 

13.  Tfat  -  True  freestream  air  temperature. 
1^.  Ti  -  Total  temperature* 

15.  Vc  -  Calibrated  airspeed. 

16*  Vt  -  True  airspeed. 

17.  a  *  Angle  of  attack. 

18.  cti  -  Indicated  angle  of  attack* 

19.  at     True  angle  of  attack* 
20*  AOA  *  Angle  of  attack* 

21*  G  -  Gravity  (G  forces)* 

22*  Hpr  -  Pressure  altitude  rate  of  change. 

23*  TAS  -  True  airspeed* 

^A.  >V        Wing  sweep  angle. 

Note:    Dynamic  pressure  is  related  to  stress  being  applied  to 
aircraft* 


Supersedes  3ABR32531-HO-30A ,  3ABR32632B-HO-404 ,  8  November  1976 >  which 
may  be  used  until  existing  s   xk  is  exhausted* 
OPR:     3360  TCHTG 
DISTRIBUTION:  X 
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Figure  1,  Section  1 
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Figures  1,  Section  2 
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CADC  (PRIMARY  a  SECONDARY  PACKAGES) 
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Figure  1* 
Section  3 


Central  Air  Data  Computer 
Block  Diagram. 
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Figure  2,  Section  1 
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Figure  2,  Altitude  Vertical  Velocity  Indicator, 
Section  Z 
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Figure  2,  Section  A 
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Figure  2,  Section  6 
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73 


e  3*  Section  1 


AIRSPEED  MACH  INDICATOR  AND  INDEXER  LITES 

{ANGLE  OF  ATTACK  AND  V  SECTIONS) 


CADC 


OUTPUT 
NUMBERS 


AR- 

■4 

MACH-o(- 

MODULE 

SERVO 

LOOP 

27A 
28A 
29A 


SYMBOL  REPRESENTS  THREE  CAMS 
THAT  OPERATE  WIPERS  OF  SWITCHES 
27A,  29A,  29A,  ACCORDING  TO  THE 
TABLE  BELOW. 


INDEXER  tITE  OPERATION 


26  VAC 


INDEXEfl 
LiTES 


1 


AOA 


SWITCH  POSITION 


29A  CL05eO,27A  6  28A  OPEN 
29A  a  27A  CLOSED,  28A  OPEN 
27A  a  26A  CLOSEO,  29A  OPEN 
27A  CLD5E0,  28A  a  29A  OPEN 
27A  a  26A  a  29A  OPEN 


'4 


P-3 

tPl6O03) 


HI' 
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Figure  3,  Section  2 
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figure  3, 


Section  3 
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Figure  3*    Airspeed  Mach  Indicator  and  Indexer  Lites* 
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**£NCAGIZCS  K4  when     ACfUAl  MACH     IS  Gftf AIEA  IHAN  COMPUlCD  MSM 


AIRSPEED  MACH  iNDiCATOR 

(MACH  SECTION) 


Figure  4,  Section  1 
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Figure  A,    Airspeed  Mach  Indicator 
(Mach  Section). 


Section  4 


AIRSPEED  MACH  INDICATOR 
{AIRSPEED  SECTION) 

Figure  5,  Section  X 
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Figure  5-  Airspeed  Mach  Indicator 
Section  i 
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TOTAL  TEMP  AND  TRUE  AIRSPEED 

Figure  6,  Section  1 
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Figure  6,  Section  2 
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Inttruntnt/Fllght  Control  Branch  3A3R32531-HO-304A 
Oiannte         UltnoU  3ABR32632B*H(>-404a 

19  January  1977 

GLOSSABY  07  TEIttiS 

Tfala  handout  la  d«al«nad  to  bo  uaad  in  conjunction  with  Procramd 
TMt  3ABK32S3WT*304/3A»R32632a*P'M04»  Cantral  Air  Data  Onputar 
Sy^itav  Opiratlon*    Tbia  handout  containa  tarw  and  dafinitio^a  appll- 
cabla  to  tha  Cantral  Mr  Data  Coa^ut'^  Syataa* 

1*     Airapaad  Hacb  Indicator  (AMI)  -  A  vertical  acala  indicator 
with  angla  of  attack*  GU*  aach  and  airapaad  sactlona* 

2*     Altitude  Vertical  Velocity  Indicator  (AWI)  ^  A  vertical 
acala  indicator  with  vertical  velocity  (rate-o£*'cllidib) »  aenaltlve  altl- 
tudet  conaietlng  of  a  fine  and  coarae  tape»  and  groaa  altitude  aectlona* 

3*  Indicated  Airapaad  (Vc)  *  Actual  apeed  of  tha  aircraft  that 
haa  tot  been  corrected  for  altitude  or  tesp«rature« 

4*     Indicated  angle  of  attack  (<<1)  *  The  angular  difference 
between  the  direction  of  airflow  and  cia  atbltrary  reference  line  on 
the  aircraft  that  haa  not  been  corrected  for  oadh* 

5*  Indicated  Static  Preeeure  (Pal)  The  etlH  end  undlatutbed 
air  eurroundlng  the  aircraft  (uncorrected)* 

6*  Mech  (M)  The  apeed  that  the  aircraft  auat  attain  to  penr^ 
tratc  the  epeed  of  aound*  Altitude  la  the  prlnary  factor  controlling 
mech* 

7*     Maximum  Safe  Mach  (HSM)  -  The  nuu:h  thaL  the  aircraft  can 
aafely  fly  without  exceeding  the  temperature  or  atructural  llaltatloua 
of  the  aircraft* 

8*     Maximum  Safe  Hach  Aaaenbly  (M3MA)  *  An  electronic  component 
of  the  central  air  data  computer  system  designed  to  coo^ute  maximum 
safe  mach* 

9*     Pltot  Pressure  (Pt)  -  The  cookbination  of  static  preaeure 
sixa  Impact  pressure*    Stated  aa  a  formula  this  would  read  Qc  4  Pa  ■  Pt* 

10*     preasure  Altitude  (Hp)  -  The  altitude  of  the  aircraft  above 
or  below  se^  level* 

lit     Pressure  Altitude  Rate  of  Change  (Hp  or  Hpr)     Rate  of  cllz> 
or  dive  of  the  eircraft  in  feet  per  minute* 

12*     Total  Tomperature  (Tl)  ^  The  temperature  of  the  air  through 
which  the  aircraft  is  moving. 

'       "'ABR32S31-H0-30SA,  17  Uecember  1974, 
-i     '  TTG 
UIS.' ON;  X 

3360  .  ;^TC-W  *  3O0;  TTVSR  -  1 

Designed  for  atc  Course  Use.    Do  Not  Use  on  tha  Job. 


13*     Tru«  Alrtptftd  (Vt)  -  Indicated  alrtf^ted  that  hia  bean  cor- 
rected for  total  teaperature  aid  praeeura  altitude*    The  mathaMtlcal 
fomila  wold  be  Pt  ^  Ps  ^  Tl  -  Vt, 


U*  True  Mgla  ot  Attack  ("t)  -  The  ansolar  difference  hatween 
the  direction  of  alrflov  end  an  arbitrary  rafarence  l^e  on  the  alf* 
craft  that  haa  been  corrected  for  aach  Inelda  the  CAOC* 

15*     Tnia  Freaetreaa  Air  Taaparatura  (Tfac)  -  True  freeetreaA 
air  tea|»araturm  la  the  corrected  total  tfvparatura*    Thla  la  the  actual 
outelda  air  temperature* 

U*  Vertical  Acceleration  (G*a}  -  A  force  of  ^1  *'G"  aquaXa  the 
puU  of  gravltyt  a  ^2  **G*a**  la  tvlce  the  pull  of  gravltyt  and  eo  oa* 
Hovavatt  It  la  poealble  to  achieve  nlnue  (*}  **G*e***  Thla  will  occur 
vhenevar  centrifugal  force  ovarcoewa  the  pull  of  gravity, 

17*     King  Sifaap  Angle  ^  ^  The  angle  of  the  wing  In  ralatlon 
to  the  fueelaga  of  the  aircraft*    Thla  elgnal  la  uead  by  the  central 
alt  data  eyetett  for  cmputlng  aaxlmi  eafe  aach. 
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OBJECTIVE 


of  70%. 


INSTRUCTIONS 


Section  A 


GYROSCOPIC  PRINCIPLES 

SPECUL  INSTRUCTIONS 

This  section  of- the  programmed  text  Is  to  be  studied  In 
conjunction  with  an  audlon  visual  aid.    Select  the  film  titled* 
''Gyroscopic  Principles**  located  at  the  projectors  in  the  lab. 

You  will  be  required  tp  read  a  portion  of  this  text  and  then 
view  a  short  segment  of  the  fllai*    While  watching  the  film,  ycu  will 
see  a  **STOP*'  sign;  this  means  to  return  to  the  text  to  read  the 
questions  and  make  your  responses*    DO  NOT  MASK  IN  THIS  TEXT*  USE 
THE  RESPONSE  SHEET  GIVEN  TO  YOU  BY  THE  INSTRUCTOR.  |^ 

Frame  1 

The  high  speed  and  maneuverability  of  modem  aircraft  demands 
that  navigational  equipment  be  very  precise*    Some  of  the  greatest 
advances  in  flight  Instruments  and  navigation  equipment  have  been 
made  possible  by  the  use  of  gyroscopes.    The  gyroscope  is  used  in 
systems  such  as  Instruments  and  automatic  flight  control  systems; 
therefore  it  is  essential  that  you  have  a  working  knowledge  of  gyro- 
scopes and  the  principles  of  operation. 

NO  RESPONSE  REQUIHED 


3 


i 

Frame.  2 

^  A  gyroscope  is  a  spinning  mass  having  one  or  more  freedoms  of 

movement  about  its  spin  axis.    The  spinning  mass  is  referred  Co  as 
the  totor  of  the  gyroscope.    The  rotor*  as  shown  in  A  below*  is  con- 
structed with  most  of  Its  weight  concentrated  near  Che  outer  riio  Co 
increase  efficiency.    The  rotor  is  mounted  In  a  "ring"  called  a  gimbaXt 
See  B  below.    This  gimbal  (inner)  is  mounted  in  another  gimbal  (oucer) 
with  bearings  90°  to  the  rotor  bearings.    See  C  below.    Adding  a  frame 
assembly*  as  shown  in  D»  will  support  the  rotor  and  its  gimbals  and 
give  the  gyroscope  th^  freedoms  of  movement  it  requires  to  operatet 
This  type  of  gyro  is '^^iall  a  universally  mounted  gyro. 


Complete  the  stateaant  below  by  entering  the  correct  word(s}  In 
the  space  provided * 


A  gyroscope  is  a  spinning  mass  having   ^  freedoms  of 

movement  about  ita  spin  axis* 
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Frame  3 

A  universally  mounted  gyro  hds  three  (3)  axes  about  which  it  can 
move.    First*  there  is  the  XX  axis  which  Is  the  rotor's  SFIil  axis. 
Axis  YTt  goes  through  the  points  where  the  inner  and  outer  gimbals 
connect  and  ^llow^  the  gyro  to  TILT.    Axis  ZZ  goes  through  the  points 
where  the  outer  gimbal  is  attached  to  the  frame  assembly  and  allows 
the  gyro  to  TURN. 


—  —  — X 


START  THE  PROJECTOR.  When  the  "STOP  SIGN"  appears*  turn  off  the 
projector  and  return  to  this  text  and  answer  the  questions  at  the  end 
of  the  frame. 

Using  the  Illustration  of  the  gyro  and  the  list  of  components* 
label  the  parts  by  placing  the  appropriate  letter  in  the  apace  next 
to  the  correct  number. 


PARTS 

a.  Rotor 

b.  Frame  assembly 

c.  Inner  gimbal 

d.  Outer  gimbal 


Frame  3  (Continued) 

Using  the  illustration  of  the  gyro>  label  the  SPIN  cDCi3>  TURN 
axid>  and  the  TILT  axis  by  placing  the  correct  name  in  the  space 
provided 4 


Circle  the  letter  nesct  to  the  correct  response  for  the  statement 
below* 

9*     The  two  freedoms  of  movement  about  the  spin  axis  of  a 
universally  mounted  gyro  are: 

* 

a*  spin  and  tilt* 
b*  spin  and  turn* 
c*     turn  and  tilt* 


Ans^.±r  to  Frame  It    No  response  required* 
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Frame  4 

The  gyro  has  two  basic  principles  of  operation;  precession  and 
rigidity*    Rigidity  is  also  knovn  as  gyroscopic  inertia  or  stability* 
This  can  be  defined  as  the  ability  of  a  spinning  mass  to  maintain  a 
fixed  position  to     point  in  space*    This  means  that  once  a  gyro  Is 
spinning)  its  spin  axis  will  always  try  to  point  in  the  same  direction* 

Precession  is  the  resultant  movement  of  a  spinning  mass  vhen  a 
force  Is  applied  that  tries  to  change  the  spin  axis*  see  (A)  below* 
This  means  that  if  a  force  is  applied  to  the  spin  axis  at  point  (A) 
it  is  the  same  as  applying  a  force  to  the  rim  of  the  rotor  at  point 
(B) *    The  resultant  force  is  felt  90  ahead  of  the  applied  force  in  the 
direction  of  rotation  (C)*    This  causes  the  gyro  to  turn  or  precess  (D)* 
Simply  stated >  if  you  try  to  tilt  the  gyro>  it  turns j  try  to  turn  the 
gyro  and  It  tilts*    Only  a  very  small  force  is  required  to  precess 
the  gyro* 


It  is  easier  to  understand  rigidity  and  precession  if  you  can  * 
see  it*    START  the  projector  and  view  the  section  on  rigidity  and 
precession*    Uhen  the  ''STOP  SIGH'*  appears*  turn  off  the  projector! 
return  to  this  text  and  circle  the  letter  next  to  the  best  response 
to  complete  the  statements  below* 

1*      Rigidity  is 

a*      the  ability  of  the  gimbals  to  act  independently  of 
each  other^  allowing  the  gyro  to  tilt  and  tnvn* 


b*      the  ability  of  a  spinning  mass  to  maintain  a  fixed 
position  to  a  point  in  space* 

c*  the  property  of  a  gyro  which  causes  the  spin  axis 
to  be  displaced  in  a  direction  90  from  an  applied 
force  in  the  direction  of  rotor  rotation* 

d.      the  resultant  movement  of  a  spinning  mass  caused 

when  a  force  is  applied  that  tries  to  change  the  spin 
axis* 
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Frame  4  (Continued) 

2*     Precession  ifl 


a*      the  resultant  movement  of  a  spinning  mass  caused  when 
a  force  is  applied  that  tries  to  change  its  apin  axis* 

the  property  of  a  gyroscope  that  causes  the  gimbals  to 
move  in  opposite  directions  when  a  force  is  applied  to 
the  rotor* 

ct  the  property  of  a  gyro  which  causes  the  spin  axis  to 
be  displaced  in  a  direction  90  from  an  applied  force 
in  the  opposite  direction  of  rotor  rotation* 

dt      the  ability  of  a  gyro  to  hold  a  fixed  position  to  any 
reference  point t 


Answer  to  Frame  2;    one  or  more 
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Frame  S 


An  undesirable  cr^it  of  a  gyroscope  is  DRIFT*    There  are  two 
types  of  drift;     (1)  RANDOM  (MECHAUICAL)  DRIFT  and  (2)  APPARENT 
DRIFT  • 

RANDOM  DRIFT  occurs  when  mechanical  faults  within  the  gyroscope 
apply  a  force  Co  cause  it  to  preces0«    The  two  major  causes  of  random 
drift  in  a  gyroscope  are  bearing  friction  and  rotor  unbalance*  The 
bearings  used  to  connect  the  rotor  and  gimbals  are  practically  free 
of  friction*    These  bearings  are  as  near  to  being  friction  free  as 
modem  industry  can  make  them  but  they  are  not  perfect*    As  the  gyro 
ages,  the  bearings  also  wear  which  produces  more  friction*  This 
friction  will  have  the  same  effect  as  applying  a  force  to  the  rotor* 
This  force  causes  Che  gyroscope  to  precess  or  drift« 

If  the  rotor  is  not  properly  balanced,  then  this  condition  will 
also  cause  drift*    If  one  part  of  the  rotor  is  heavier  than  the  rest^ 
a  state  of  unbalance  will  axist  which  will  have  the  same  effect  as 
applying  a  force  to  the  rotor,  resulting  in  gyro  precession. 

Circle  the  number(s)  of  the  true  statements  belotf« 

1*     Precession  can  be  caused  by  mechanical  ^^MiL^^  within  the 
gyroscope  and  is  knmm  as  random  (mechanic^^  drift* 

2,     The  two  major  causes  of  random  drift  are  bearing  friction 
and  rotor  unbalance* 

3*     Mechanical  drift  and  rotor  unbalance  are  not  related* 


Answers  to  Frame  3:    1*    a     2*    c     3*    d     4.    b     5*  turn 


6,    tilt     7*    spin  8, 


Answers  to  Frame  4:    1*    b     2*  a 


Frame  6 

The  second  type  of  drift  is  referred  to  as  "apparent  drift/*  • 
As  opposed  to  random  drifts  the  rotor  does  not  precess^  but  only 
appears  to  as  the  position  of  the  frame  changes  around  it.  Apparent 
drift  is  caused  by  the  rotation  of  the  earth  and  the  rigidity  of  the 
gyroscope*    Rigidity  prevents  the  spin  axis  of  the  gyro  from  rotating 
along  with  the  earth*    To  a  person  standing  on  the  earthy  the  rotor 
of  the  gyro  only  *'appears"  to  drift* 

NOW  JHANGE  THE  FI  JI  CARTRIDGE  TO  THE  SECOND  ONE  (AVA  521  B)  * 
Pay  special  attention  to  the  pictorial  explanation  of  apparent  drift* 

START  THE  PROJECTOR 

After  viewing  the  film»  circle  the  letter  of  the  correct 
responses  below* 

1*     Apparent  drift  is  caused  by 

a*      applying  a  force  to  the  inner  gimbal* 

b*     earth  rotation  and  drift* 

c*     earth  rotation  and  precession* 

d*     earth  rotation  and  rigidity* 

2*      Because  of  apparent  drift*  the  gyro  spin  axis  as  seen  from 
space 

a*     maintains  a  fixed  position* 
b*     appears  to  turn* 
c*      appears  to  tilt* 


10 
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Answers  to  Frame  5:    1,  2 


Frame  7 


There  are  two  types  o£  gyroscope  mountings;  universal  and 
semluniversal.    The  universally  mounted  gyroscope  has  two  gimbals 
and  two  freedoms  o£  movement  about  the  spin  axis;  tilt  and  turn. 
The  semiiinl versa lly  mounted  gyroscope  has  only  one  gimbal  (see 
below)  ami  one  freedom  of  movement  about  the  spin  a3cis«  This 
freedom  of  movement  Is  tilt. 

Vletf  the  film.  Whan  the  '*8top  sign*'  appears^  return 
to  the  text  and  complete  the  questions  at  the  end  of 
this  frame* 

StAKT  THE  PROJECTOR 


Comcplete 

1*  The 
a. 


spin  axis. 

\ 

spin  axls« 


SEMIUNIVERSALL7  MOUNTED  GHOtO 

the  statements  below  by  circling  the  correct  letter^ 

uQlveraalXy  mounted  gyroscope  has 
three  gimbals  and  one  freedom  of  movement  about  the 


b«     two  gimbals  and  two  freedoms  of  movement  about  the 


c«  one  gimbal  end  two  freedoms  of  movement  about  the  spin 
d«     one  gimbal  and  one  freedom  of  movement  about  the  spin 


2«     The  semiunlveraaIXy  mounted  gyroscope  has 

a*     two  gimbals  and  two  freedoms  of  movement  about  the 


spin  axis. 


axls-t 


bt     one  gimbal  and  one  freedom  of  movement  about  the  spin 


spin  axis  4 


d. 


spin  axis. 


two  gimbals  and  one  freedom  of  movement  about  the 

three  gimbals  and  three  freedoms  of  movement  about  the 

11 


7*  i 

Answers  to  Ftajne  6:    1*  2,  a 

Frame  d 


There  are  two  basic  applications  of  universally^  mounted  gyro- 
scopes*   The  main  difference  is  the  position  of  the  spin  axis  (see 
below).    A  uaiversally  motmted  gyro  is  used  as  a  vertical*  gyro*  The 
vertical  pyro  is  used  in  the  aircraft  as  a  reference  for  pitch  and 
roll  attitude  changes.  '  Its  spin  axis  Is  perpendicular  to  the  earth. 
The  gyro's  frame  assembly  Is  attached  directly  to  the  aircraft*  The 
aircraft  can  move  in  pitch  and  roll  without  changing  the  gyro^s  spin 
axis  I    Signal  pickoff^s  are  used  to  sense  the  amount  of  attitude 
change  of  the  aircraft* 

The  other  application  of  the  universally  mounted  gyro  is  the 
directional  gyro  (C*G.)..  This  type  of  gyro  has  a  horizontal  spin 
axis*  It  Is  used  in  compass  systems  as  a  reference  for  obtaining 
heading  Information* 

Both  the  vertical  and  directional  gyros  are  known  as  displace* 
meat  gyros  >  because  they  are  used  to  measure  the  amount  of.  displace-* 
ment  from  their  reference*    Leveling  devices  must  be  used  to  keep 
the  spin  axis  of  the'  gyro  either  vertical  or  horizontal  to  the 
earth's  surface* 


VERTICAL  GYRO  DIRECTIONAL  GYRO 


Watch  the  section  of  the  film  on  how  gyros  are  used  in  aircraft. 
Then  return  to  the  programmed  text  and ^  answer  the  following  questions. 
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Frame  8  (Cont'd) 

START  THE  PROJECTOR 
Complete  the  following  scacements  by  circling  che  correct  leccer. 
1.     A  vertical  gyro  In  an  aircraft  Is  used  as  a  reference  for 

a*     heading  changes* 

b*     making  a  180^  turn* 

c*     attitude  changes* 

2*     A  horizontal  or  directional  gyro  In  an  aircraft  is  used  as  a 
reference  for 

a*     headl'^g  changes* 

b*     pitch  and  roll*  "^'^  ^ 

c*     attitude  changes* 

3*      In  the  film,  the  aircraft  gotn»  into  a  clissb  and  then  a  dive 
was  using  a 

a*  directional  gyro* 

b*  D*C 

c*  vertical  gyro* 

d*  horizontal  gyro* 

4*     tn  the  film,  vhat  type  of  universally  mounted  gyro  was  used  V' 
in  Che  aircraft  making  a  loO^  turn? 

a*  Directional  gyro  with  a  horizontal  spin  axis. 

b*  Rate  eyro* 

c^  Vertical  gyro* 

5*.    Vertical  and  directional  gyros  are  known  as 

a^  semiuniversally  mounted  gyros* 

b.  displacement  gyros* 

c*  rate  gyros* 
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Answers  to  F',^  7:    It    b,     2,  b 
Trarae  9 

The  gyros  lagntioned  up  to  now  all  use  the  property  of  rigidity, 
enabling  the  gyro  to  be  used  as  a  reference  for  displacement i 

The  sealuniver sally  mounted  gyro  Is  used  as  a  rate  gyro  (see 
below).    The  rate  gyro  senses  rate  of  movement  instead  of  displace- 
ment t    This  gyro  uses  the  property  of  precession  for  its  operationt 

Centering  springs  (see  below)  are  used  to  keep  the  gyro's  spin 
axis  aligned  vith  the  gyro  frame  assembly.  *  As  the  aircraft  turns, 
the  frame  assembly  also  turns.    The  spinning  rotor  resists  the  change 
and  causes  the  gyro  to  precess.    As  the  precessing  force  becomes 
large  enough,  the  spring  tension  is  overcome.    The  faster  the  aircraf 
turns,  the  further  the  gyro  will  precess,    A  signal  pickoff  device 
is  used  to  develop  signals  proportional  to  the  rate  of  the  turn* 

View  the  film.    Whan  ^*the  end"  appears,  return  to  the  text  and 
complete  the  FT* 


Circle  the  correct  statement(s)  below* 

1,   ^The  rate  gyro  has  two  freedoms  of  movement  about  the  spin 

axis. 


START  THE  PROJECTOR 


1G17 


Answers  to  Frame  8:    1«  2«    a*     3.    c»     4«    a»     5.  b 

Frame  10 

Review  what  you  have  learned  about  gyroscopic  principles.  If 
any  areas  seem  unclear^  return  to  the  text  and  the  film*    If  you  feel 
confident  In  your  knowledge »  answer  the  following  questions  as  a 
review « 

Complete  the  statement  below  by  circling  the  correct  letter* 

1«     A  gyroscope  is  defined  as  a 

a.     spinning  mass  mounted  In  a  frame  assembly. 

^  b.     balanced  spinning  mass  or  wheel. 

c*     spinning  mass  having  one  or  tiore  freedoms  of  move- 
ment about  Its  spin  axis. 

spinning  mass  or  wheel  mounted  In  the  outer  glmbal. 

Using  the  illustration  of  the  gyro  and  a  list  of  components » 
label  the  gyro  parts*    Place  the  letter  of  the  part  near  the 
number* 

PARTS   


15 
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Frane  lO  (ContM) 

Using  Che  Illustration  o£  the  gyro,  label  the  SPIN  axis,  TURN 
axis,  and  clie  TILT  axis.    Place  the  correct  letter  near  the  ntimber. 


a. 


Spin 
Turn 
Tiit 


9.     Rigidity  i«  , 

a*      the  resultant  movement  of  a  spinning  mass  caused  when 
a  force  is  applied  that  tries  to  change  the  spin  axis* 

b.  the  property  o£  a  gyro  which  causes  the  gyro  to  turn 
when  you  try  to  tilt  it* 

c.  the  ability  o£  the  gliid>als  to  act  independently  of  each 
other  allowing  the  gyro  to  turn  or  tilt* 

d*     the  ability  of  a  spinning  mass  to  maintain  a  fixed 
position  to  a  point  in  space* 


16 


Frattte  10  (ContM) 

10.  Precession  is 

a.  the  resultant  movement  of  a  spinning  mass  caused  when  a 
force  is  applied  that  tries  to  change  the  spin  axis. 

b.  The  property  of  s  gyro  which  causes  the  gimbals  to 
move  In  opposite  directions  anytime  a  force  is  applied  to  the  rotor. 

c.  the  property  oJ:  a  gyro  which  causes  the  spin  axis  to  ba 
displaced  in  a  direction  90^  ircm  an  applied  force  in  the  opposite 
direction  of  rotation. 

d.  the  ability  of  a  gyroscope  to  hold  a  fixed  position 
to  any  reference  point. 

11.  Apparent  drift  is  caused  by 

a.  the  earth^s  rotation  and  rigidity. 

b.  applying  a  force  to  the  Inner  gimbal. 

c.  the  earth^s  rotation  and  besrl^og  friction. 

d.  the  earthU  rotatlon^and  gyro  precession. 

12.  Mechanical  drift  Is  caused  by 

a.  the  eartbU  rotation. 

b.  the  earth^s  rotation  and  bearing  friction. 

c.  the  earthS  rotation  and  rigidity. 

d.  bearing  friction  or  rotor  unbalance. 

13.  Random  (sn^chanlcal)  drift  td.ll  appear  in 

a.  semiunlyersal  gyros. 

b.  directional  gyros. 

c.  vertical  gyros. 

d.  all  types  of  gyros. 

14.  Because  of  apparent  drift»  the  gyro  spin  axis  as  seen  from 
space 

a.  maintains  a  fixed  position.  ^ 

b.  appears  to  turn  along  vith  the  earth. 

c.  appears  to  tilt  along  vith  the  esrtb. 
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Frame  10  (Cont'd) 

15.  The  semiuniversaXXy  motinted  gyroscope  has 

a.  two  giixibals  and  two  freedoms  of  movement  about  the 

spin  axis. 

b.  one  glmbal  and  one  freedom  of  movement  about  the  spin 

axis. 

c.  two  gimbals  and  one  freedom  of  movement  about  the  spin 

axLs* 

d.  three  giisb:iXs  and  three  rteedoms  of  movement  about 
the  spin  axia. 

16.  The  universally  mounted  gyroscope  has 

a.  two  gimbals  and  two  freedoms  of  movement  about  the 

spin  axis. 

b.  one  gimbal  and  one  freedom  of  movement  about  the  spin 

axis* 

c.  two  gimbals  and  one  freedom  of  movement  about  the  spin 

axis. 

d.  three  gimbals  and  two  freedoms  of  movement  about  the 
spin  axis.  ^ 

Mark  the  following  statements  (T)  true  or  (F)  false  in  the 
spaces  provided. 

 ^17.     Vertical  and  directional  gyroscopes  are  Icnown  as  displace- 
ment gyroe. 

18.     A  univers&lly  mounted  gyroscope  with  a  horizontal  spin 
axis  is  used  as  a  reference  for  obtaining  heading 
information. 

19^     Semiuaiversally  mounted  gyros  are  used,  to  make  rate  gyros. 

_   20 .     The  universally  mounted  gyroscope  with  a  vertical  spin 
axis  id  used  as  a  reference  for  attitude  changes. 
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Answers  to  Fram^  9:    2,  3 

Answers  to  Franie  10:    1.  c,  2.  d,     3.    a,     4.    b,     5.    c,     6*  c, 

7.  b,  8.  a,     9.    d,    10.    a,    11.    a,    12.  d* 

13.  d,  14.  a,    15.    b,    16.    a,    17.    T,  18. 

19.  T,  20.  T 


If  any  questions  were  missed  In  £raia6  10,  r^tum  to  th6  fraio^s 
that  cov^r  th6  material  that  was  missed  and  review  it.    Aft^r  you  )iav6 
an  understanding  o£  the  material  presented  in  the  Section  A,  ask  your 
instructor  for  the  appra^al*  ^ 

^  NOTEt 

3ABR32632&  STUBENTS  STOP  HEBE. 
3ABR32531  STUDENTS  CONTINUE. 


'  - '  Section  B 

J-8  ATTITUDE  IHDICATOR 


Frame  1 


One  of  the  iDore  important  Instmiaents  employing  gyroscopic  principles 
Is  the  attltudy  indicator.    The  Instrument  we  will  study  Is  the  type  J**8 
Attitude  Indicator.    It  Is  one  of  the  ^ew  gyro  Instruments  that  is  not 
remotely  controlled.    The  Illustration  below  shows  an  exploded  view  and 
the  face  (front)  of  the  J-8  Attitude  Indicator.    This  indicator  provides 
an  Indlcatlonof  the  aircraft's  attitude  (position)  In  relation  to  the 
earth's  horizon.    In  other  words,  the  pilot  can  determine,  from  the 
indications  the  J-8  provides,  whether  the  aircraft  Is  In  a  dive,  climb, 
level  flight,  or  banking  right  or  left  in  relation  to  the  earth's  horizon. 


Circle  the  letter  that  Identifies  the  correct  answer. 

The  above  indicator  Is  used  to  provide  Indlcatlotts  of  the  alrcraft^s 

a.  degree  of  bank  only. 

b.  rate  of  turn. 

c .  pitch  only. 

d.  attitude. 


1G23 
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Frame  2 


Notice  in  che  picture  below,  that  some  of  Che  components  are 
labeled^    For  easier  understanding,  let's  tako  a  few  items  at  a  time. 
The  first  one  we  will  cover  la  the  miniature  aircraft  or  attitude  bar^ 
which  Is  connected  to  the  case*    Another  Is  the  horizon  bar,  which  Is 
connected  to  the  outer  slmbal  ring  of  the  gyro  and  represents  the 
earth's  horizon. 


The  angle  of  dive  or  climb  Is  Indicated  by  the  number  o£  bar  width 
deflections  between  the  horizon  bar  and  the  attitude  bar  (miniature 
aircraft)  *    One  horizon  bar  width  is  equal  to  2^  degrees  pitch.    If  the 
attitude  bar  is  above  the  horizon  bar,  the  aircraft  is  in  a  climb. 

Circle  the  letter  that  identifies  the  correct  answer, 

1*      The  attitude  bar  is  used  to  represent  the 

a*  horizon, 

b*  aircraft, 

c,  degree  of  bank, 

d,  degree  of  pitch, 

2*     The  horizon  bar  is  used  to  represent  the 

a*  horizon, 

b,  aircraft* 

c*     degree  of  bank* 

d*      degree  of  pitch, 

3*     The  hori2on  bar  is  3  bar  widths  below  the  attitude  bar,  this 
indicates  the  aircraft*  is 

a*      diving  by  3"** 

b*      climbing  by  3^, 

c*     c,      dlmbiag  by  6^* 


pBANK  POINTER 
-POWER  "OFF^FLAO 


BANK  INDEXES 
HORIZON  8AR 
ATTtTUOE  BAR 


d,  .  diving  by  6** 
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Answer  to  Frame  1\ 


1.  d 


The  attitude  of  the  aircraft  about  the  roll  axis  is  indicated  by 
the  position  of  the  bank  pointer  in  relation  to  the  bank  scale.  (Refer 
to  illustration  below*) 


ANK  POINTER 


BANK  INDEXES 


The  bank  scale  is  marked  with  indices  at  0"*,  10"*,  20*",  30"*,  60% 
and  90"*  left  and  right  bank*    If  the  bank  pointer  is  deflected  to  the 
rlgjit,  the  aircraft  Is  in  a  left  bank  attitude.    The  illustration  below 
shows  an  attitude  of  25"*  right  bank.    Notice  that  the  "right  wing"  of 
the  miniature  aircraft  is  below  the  horizon. 


Circle  the  letter  that  identifies  the  correct  answer, 

1.  The  bank  pointer  is  deflected'  to  the  left»  the  horizon  bar  is 
deflected  above  the  attitude  bar»  the  aircraft  is  banking 

a.  right  and  diving, 

b.  left  and  diving, 

c.  .   right  and  climbing. 

d.  left  and  climbing. 

2.  The  bank  pointer  is  deflected  left  to  the  first  increment,  the 
degree  of  bank  is 

a,  90"*, 

b,  iO\ 

c,  20% 

d,  10^. 

m5  ,  ■ 
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Answers  to  Frame  2:  b       2,    a  3. 

Frame  A 

The  power  off  flag  is  used  to  warn  che  pilot  of  AC  power  failure  or 
low  power  to  the  indicator.    The  power  off  flag  is  operated  by  a  2-phase 
low  inertia  motor  and  a  hairspring.    Whenever  power  is  turned  on,  the 
motor  is  energised  and  the  flag  is  pull  id  out  of  sight.    However,  when 
power  is  shut  off,  the  hairspring  pulls  the  flag  back  into  view.  The 
above  is  for  normal  operating  conditions* 

If  power  is  low  to  the  indicator,  the  motor  does  not  develop  enough 
torque  to  overcome  the  hairspring  teasloa,  so  the  flag  remains  in  sight* 


POWER 'Of  FXAO 


Circle  the  letter  that  indicates  the  correct  answer. 


The 

power  off 

flag  is 

used  to  warn  the  pilot  of 

a. 

DC  power 

failure 

on  the  aircraft* 

b. 

DC  power 

failure 

to  the  indicator* 

c . 

AC  power 

fallury 

on  the  aircraft* 

d. 

AC  power 

failure 

to  the  indicator. 

The 

power  off 

flag  is 

operated  by  a/an 

a,  hairspring  only, 

b,  DC  lootor. 


c,  AC  tttotor  and  hairspring, 

d,  DC  motor  and  hairspring. 
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Answers  ta  Frame  3:      X.    a,  2* 
Frame  5' 

The  plcch  atclcude  of  the  aircraft  is  indicated  within  a  range  of 
27  degrees  In  cXlmb  or  dive  by  the  displacement  of  Che  horizon  bar  wich 
respect  to  the  adjustable  attitude  bar.    When  the  aircraft  exceeds  27^ 
in  pitchy  Che  horizon  bar  is  hild  in  Che  extreme  position  and  Che  sphere 
becomes  the  new  reference. 

Circle  the  letter  that  Indicates  the  correct  answer. 

X,     The  horizon  bar  provides  pitch  reference  for  attitudes 


a* 


above  27*"  climb  or  dive. 


b. 


up  to  27*  climb  only* 


c. 


up  to  27*  cllnb  or  dive* 


d. 


below  27*  dive  only* 
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Answers  to  Frame  4:       1.  d 


2. 


Frame 


The  sphere  is  marked  by  the  words  "Climb"  and  "Dive,"  and  each  la 
followed       a  "Bullaeye."    (Refer  to  the  illustration.)    The  words 
climb  or  dive  when  directly  under  the  attitude  bar  represent  approxi- 
mately 60    of  pitch.    The  bullseye  Is  graduated  at  70*,  80%  and  90' 
of  pitch. 


13 


Circle  the  letter  that  indicates  the  correct  answer. 

1.      The  word  "Dive"  appears  under  the  attitude  bar,  the  instrument 
is  Indicating  a 

a.  60*  cllab. 

b.  60*  left  bank. 

c.  27'  dive. 

d.  60*  dive. 
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Answers  co  Frame  5:  >c 
Frame  7 

There  are  two  knobs  located  on  the  front  of  the  Instrument.  The 
knob  on  the  lower  left  Is  called  the  attitude  trim  knob*    This  knob  I3 
used  by  the  pilot  to  manually  correct  for  level  flight  errors  (trim 
errors)*  on  the  J-8»  caused  by  changes  in  cruising  speeds  and  in  load 
conditions* 


Circle  the  letter  that  Indicates  the  correct  answer. 
1«      Trim  errors  on  the  instrument  are  corrected  for  by  the 
a*     pull  to  cage  knob* 

b*     pilot  viewing  the  indicator  at  different  angles* 
Ct      attitude  trim  knob« 
dt     caging  dip. 
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Answer  Co  Frame  6; 


d 


Frame  8 


The  knob  on  che  lower  right  side  of  Che  inscrument  is  called  a  caging 
Icnob.    This  knob»  when  pulled  ouc»  operates  a  caging  mechanism  which  locks 
the  inner  and  oucer  (roll  and  plcch)  gimbals.    The  purpose  of  the  caging 
mechanism  is  to  provide  a  means  for  quickly  erecting  the  gyro.  When 
caging  the  instrumenti  pull  the  caging  knob  out  smoothly.    A  small  clip  (A)* 
called  a  caging  clip  (refer,, to  illustration)*  is  installed  between  the 
caging  knob  (B)  and  instrument's  bezel  (C)  to  cage  the  gyro  during  shippingt 
handling  I  and  storage. 


Circle  the  letters  that  identify  true  statements* 

a.     The  caging  knob  locks  the  inner  and  outer  gimbal  rings. 

The  caging  knob  provides  a  means  for  erecting  the  gyro  very 

slowly. 

c.     When  the  caging  knob  Is  pulled  out  the  attitude  bar  and  bullseye 
will  be  aligned. 

d;     When  the  caging  knob  is  pulled  outi  a  caged  flag  appears. 

e.  The  caging  clip  is  installed  during  shipping*  handlingt  or 
storage. 

f.  The  caging  knob  provides  a  means  for  quickly  erecting  the  gyro. 


27 


Answer  to  Frame  7:  ^ 
Frame  9 

The  indicator  permits  360*  of  rotation  about  the  roll  and  pitch  axis 
without  causing  the  gyro  Co  tumble.    As  the  aircraft  approaches  a  vertical 
attitude  (90*),  as  in  a  loop,  the  sphere  begins  to  rotate  180**  (counter- 
clockwise when  in  a  climb,  and  clockwise  in  a  dive)  to  show  the  inverted 
attitude  of  the  aircraft.    The  rotation  of  the  sphere  is  called  controlled 
precession  and  should  not  be  confused  with  gyro  tumbling.    (Study  the 
Indications  on  the  next  page,  frame  10.) 

Circle  the  letter  that  indicates  the  correct  answer. 

1.      The  indicator  can  show,  without  controlled  precession, 

a.  360*  pitch,  360*  roll. 

b.  360*  pitch,  ?0*  roll. 

c.  360*  roll,  90*  pitch. 

d.  180*  roll,  90*  pitch. 


1631 
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Answer  to  Frame  9: 
Frame  11 


In  the  blank  spaces  provided,  indicate  the  actltude  of  the  alrcrafc 
according  to  the  Indication  in  buch  pitch  and  bank  In  degrees. 


1. 


2. 


3. 


4. 


//////////////// 


K     30  degrees  right  bank, 

3,     30  dcfjrees  right  bank 
60  dogr6«6  climbi 


30 


2,  Level  inverted  flight, 
4.    Dive  6  degrees 


Answers  to  Frame  10:    No  response  required. 

Frame  12 

The  gyro  is  universally  mounted  and  operates  on  the  principles  of 
rigidity.    The  spin  axis  of  the  gyro  is  vertical  since  all  attitude  gyros 
use  a  vertical  spin  axis.    The  power  requirement  is  115  volts,  400  Hertz 
3-phase  AC,    The  speed  of  the  gyro  is  approximately  21,000  rpm. 

Complete  the  following  statements. 

1,     The  gyro  is  mounted  and  operates  on  the  principles 

of 


2.      The  gyro's  spin  axis  is 
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Answers  to  Frame  11: 


1.      30  degrees  right  bank*  2.     Level  inverted  flight 

3.      30  degrees  right  bank  4.     Dive  6  degrees. 

60  degrees  cllJab. 

Frame  13 

Due  to  the  gyro's  rigidity  and  its  universal  mountings  the  rotor 
remains  fixed  in  this  position  regardless  of  the  aircraft*s  movement. 
The  horizon  har  and  hank  pointer  are  linked  to  the  outer  gimbal  ring* 
The  attitude  har  and  scale  are  attached  to  the  case,  ^bvement  of  the 
case  around  the  gyro  produces  the  indications* 


Mark  the  following  statements  true  (T)  or  false  (F). 
!•    The  gyro  moves  when  the  aircraft  hanks* 

2.    The  gyro  remains  erect  when  the  aircraft  banks. 

3.    The  case  revolves  around  the  gyro. 


1635 
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Answers  to  Frame  12:     1.    universally     rigidity"     2.  vertical 


Frame  14 


The  erection  mechanism^  located  at  the  top  of  the  gyro  ass^ly*  Is 
used  to  keep  the  gyro  erect  on  Its  spin  axis.    The  erection  mechanism 
operates  on  the  gyroscopic  principle  of  precession.    The  lllustraclon 
beXow  shows  the  gyro  tilted  from  the  vertical  position.    The  two  steeX 
balls  will  fall  to  the  low  side  when  the  gyro  is  not  erect  (vertical) 
and  cause  a  force  to  be  applied  to  precess  tha  gyro  back  to  the  vertical 
position. 


Mechanism 


MAGNET 


GYRO-UNIV£ftSAtLr 


REACTION 
TO 

pnecESsroN 

fOKCE 


MOUNTED 


Circle  the  letter  that  Identifies  the  correct  answer. 

1.  The  erection  mechanism  operates  on  the  principle  of 

a.  rigidity. 

b.  Inertia. 

c.  apparent  precession, 
precession. 

2.  The  purpose  of  the  erection  mechanism  is  to 

a.  keep  the  gyro  spinning. 

b.  apply  a  force  to  unbalance  the  gyro. 

c.  keep  the  gyro  erect  on  its  vertical  spin  axia. 

d.  keep  the  gyro  erect  on  its  horizontal  spin  axis. 
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Answers  to  Frame  13:      1.    F       2.    T       3.  T 
Frame  15 

The  components  of  the  erection  mechanism  are  as  follows  (refer  to 
illustration):    A  rotating  magnet  (a)  is  connected  to  the  gyro*s  shaft, 
and  sets  up  a  rotating  magnetic  field.    A  rotating  plate  (h)  (magnetic 
drag  assembly)  is  made  of  a  nonmagnetic  material,  and  is  used  to  push 
the  steel  balls  (c)  around  the  ball  track  (d).    It  also  incorporates  a 
ratchet  and  pawl  escapement  (e)  that  controls  the  speed  of  the  rotating 
plate  at  approximately  49  to  52  rpm. 


Match  the  components  from  table  1  to  their  purpose  in  table  2. 


TABLE  1. 


1.  

Ratchet  and  pawl  assembly. 

2.   

Botating  magnet. 

3.   

Steel  balls. 

4,   

Rotating  plate. 

5.   

Botox  speed. 

6,   

Rotating  plate  speed. 

TABLE  2 

a.  Sets  up  a  rotating 

magnetic  field. 

b.  Pushes  the  balls  around. 

c.  Controls  the  speed  of  the 

plate. 

d.  Causes  precession. 

e.  49  to  52  rpm. 

f.  Approximately  21,000  rpm. 


1637 
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Answers  to  Frame  14: 


1, 


d 


2, 


c 


Frame  16 


^Jlienever  you  install  a  new  instrument,  you  will  find  the  caging  clip 
installed  on  the  pull  to  cage  knob.    Be  sure  to  remove  this  to  insure 
proper  operation  of  the  instrument,    After  installing  the  instrument, 
you  should  check  it  for  prope*--  operation. 


Circle  the  letter  that  identifies  the  correct  answer, 

1*     To  insure  proper  indications  of  the  instrument  you  should 
always  be  sure  that  the 


caging  knob  is  locked* 


attitude  bar  is  caged* 


cage  clip  is  removed. 


115V  60  Hertz  10  power 
is  applied* 


Answers  to  Frame  15;    1.    c       2.    a       3.    d  ^      5.    f       6*  £ 


I.      Using  the  illustration,  insert  the  letter  designations  of  the 
^  component  parts  listed  in  the  appropriate  circles* 

a.  Bank  Pointer. 

b.  Horizon  Bar. 

c.  Actitude  Bar. 

d.  Power  Off  Flag. 

e.  Attitude  Trim  Knob. 

f.  Caging  Knob. 

g.  Bank  Index. 

II.     Mark  each  statement  True  (T)  or  False  (F). 

1.         The  attitude  bar  represents  th?  aircraft. 

2.   The  horizon  bar  is  adjusted  up  and  down  for  trim  error. 

3.         The  caging  knob  provides  for  quick  erection  of  the  gyro 

when  pulled  out. 

4.   The  gyro  operates  on  the  principle  of  precession. 

5.   The  speed  of  the  gyro  is  approximately  50  rpm. 

6.   The  erection  system  operates  on  the  principle  of  precession. 

7.  The  erection  system  speed  is  approximately  21»000  rpm. 
^^^^  t 

8.   The  attitude  bar  is  linked  to  the  gyro^s  outer  g'imbal  ring. 

9.         The  power  requirement  for  the  power  off  flag  is  28V  DC. 

10.         The  roll  axis  is  indicated  by  comparing  the  horizon  bar  to 

the  actitude  bar. 

11.   If  the  bank  pointer  is  deflected  to  the  right,  the  aircraft 

Is  turning  right. 

12.         If  the  horizon  bar  is  above  the  attitude  bar,  the  aircraft 

is  diving. 


Frame  17 


h]29 
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Answers  to  Frame  16:      1.  b_ 
Answers  to  Frame  17: 

I.    1*  ^     2*  d     3*  a     4.        5.  c     6*        7*  £ 
II.    1.  T     2.  F     3.  1  .  4.  F     5.  F     6.  T     7.  F     8*  F     9.  F 
10.  F    11.  F    12.  T 


If  you  have  missed  any  questions  In  frame  17,  return  to  the 
appropriate  frame  to  insure  a  complete  knowledge  of  the  materials 
presented  in  Section        After  you  have  reviewed  this  section  ask 
the  Instructor  for  the  appraiisal  for  Section  B* 
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Section  C 


DIRECTIONAL  G^RO  INDICATOR 

Frame  18 

The  Directional  Gyro  Indicator  (below)  is  an  auxiliary  instrument 
which  F  ^vides  a  visual  indication  of  aircraft  heading*    This  heading 
information  can  be  used  for  navigational  purposes*    This  indicator  is 
also  used  in  event  of  failure  of  the  main  aircraft  compass  system* 
Under  normal  flight  conditions^  the  aircraft  compass  system  uses  the 
earth's  magnetic  field  as  directional  reference.    The  Directional  Gyro 
Indicator  does  not  qse  the  earth's  magnetic  field  as  a  reference; 
therefore,  it  can  be  used  in  polar  regions,  or  where  the  earth's  magnetic 
field  id  not  reliable* 


Place  a  checkmark  (/)  in  front  of  the  true  statements  below« 

1;     The  function  of  the  Directional  Gyro  Indicator  is  to  provide 
a  visual  indication  of  aircraft  heading, 

2^      The  Directional  Gyro  Indicator  cannot  be  used  as  an  auxiliary 
instrument* 

3^      The  Directional  Gyro  Indicator  does  not  use  che  earth's 
magnetic  field  as  a  directional  reference* 
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Fram&  19 


The  heading  display  is  ^  calibrated  dial  that  rotates  relative 
to  a  fixed  index  {top  lubber  line).    The  dial  contains  increments 
every  five  degrees.    Numbers  are  provided  every  thirty  degrees* 
The  dial  also  has  the  letters         S,  E,  and  W"  at  the  cardinal 
headings*    The  dial  is  read  beneath  a  lubber  line  at  the  top  of 
the  indicator.    The  lubber  line  Is  in  line  with  the  nose  of  a 
miniature  aircraft  symbol.    Two  other  indices  are  provided  as 
reference  aiarks  used  in  making  45*  and  90*  turns.    The  dial  of  a 
Directional  Gyro  is  Illustrated  below. 


Complete  the  statements  below  by  underlining  the  correct  answerCs). 

1*  The  dial  has  reference  increm^ts  every  (1,  5,  lOf  15) 
degreed. 

2*  The  dial  has  numbers  every  {5,  10,  15,  30)  degrees* 

3.  (Numbers,  letters)  are  provided  at  the  four  cardinal  headings. 

A.  Indices  are  provided  for  making  (15,  45,  60»  90)  degree  turns* 
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Answers  to  Frame  18:       >^  ,  1*   2*       /  .  3* 

Frame  20 

This  indicator  does  not  use  outside  signals,  such  as  the  earth*s 
magnetic  field,  as  a  directional  reference*    Before  accurate  heading 
indications  can  be  read  from  the  indicator,  the  correct  magnetic  heading 
must  be  manually  set  on  the  dial*    Setting  the  dial  to  the  correct 
heading  is  accomplished  by  using  the  spring  loaded  push-to-set  knob  on 
the  front  of  the  indicator* 


Complete  the  statements  below  by  underlining  the  correct  answer* 

1*      The  function  of  the  knob  on  the  front  of  the  indicator  is  to 
position  the  (indicator  gyro,  indicator  dial)* 

2*     The  indicator  uses  (no,  one,  three)  outside  heading 
ref erences(s) * 
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Anawers  to  Frame  19:       1*    1      2*    30      3*    letters       4*    45>  90 

Frame  21 

formally  the  position  of  the  indicator  dial  is  controlled  by 
a  gyro  inside  the  indicator  case*    Because  the  gyro  drifts  due  to 
bearing  friction  and  the  earth *s  rotation,  the  pilot  must  constantly 
monitor  and  reset  the  dial*    Resetting  the  dial  to  the  correct  aircraft 
heading  is  done  to  obtain  accuracy  in  making  aircraft  turns. 

Complete  the  statements  below  by  underlining  the  correct  answer(s) 
In  the  parentheses. 

1.     The  position  of  the  indicator  dial  is  controlled  by  a 
(compass,  gyro)* 

1*     The  dial  must  be  manually  set  to  the  (degree  of  aircraft 
tum>  aircraft  heading). 
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Answers  to  Frame  20;       !•    Indicator  dial      2»  no 


Frame  22 

When  the  dial  Is  set  to  the  correct  heading,  a  change  in  aircraft 
heading  causes  the  dial  to  turn  the  saide  amount  that  the  aircraft  has 
turned*    The  new  aircraft  directional  heading  can  then  be  read  at  the 
top  lubber  line*    Because  this  indicator  uses  a  gyro  as  a  stable 
reference,  it  is  more  accurate  in  turns  than  the  magnetic  compass*  The 
aircraft  magnetic  compass  is  not  accurate  because  Its  magnets  and  dial 
are  mounted  In  fluid  for  damping  purposes »    This  causes  the  dial  to  lag 
the  actual  heading  during  turns* 

Ootcplete  the  statements  below  by  underlining  the  correct  answer(s)» 

1\     Aircraft  directional  heading  is  read  at  the  (top,  bottom) 
lubber  line* 

2*     A  (magnet,  gyro)  Inside  the  Indicator  case  provides  a  stable 
reference  during  aircraft  turns* 

3,     The  (Directional  Gyro  Indicator,  Magnetic  Compass)  Is  more 
accurate  during  aircraft  turns* 
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Answers  to  Frame  21:       1.    gyro       2*    aircraft  heading 


Frame  23 


The  Directional  Gyro  inside  the  indicator  case  has  a  horizontal 
spin  axis*    The  spin  axis  is  maintained  parallel  to  the  earth  by 
means  of  a  leveling  circuit*    This  circuit  senses  when  the  gyro  spin 
axis  is  not  level*    Through  the  gyroscopic  principle  of  precession* 
the  gyro  is  precessed  back  to  level. 


GYRO 


SPIN  AXIS 


Complete  the  following  statements  below  by  underlining  the 
correct  answer  Cs)* 


1,  The  indicator  gyro  has  a  (vertical*  horizontal)  spin  axis. 

2.  (Rigidity*  Precession)  is  the  gyroscopic  principle  which  Is 
used  to  keep  the  gyro  level. 
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Answers  to  Frame  22: 
Frame  24 


1.    to£      2.    gyro'  3. 


Directional  Gyro 
Indicator 


c 


With  the  gyro  held  lev^l  by  the  leveling  circuit,  the  gyroscopic 
principle  oi  ridigity  holds  the  gyro  in  a  fixed  position.    As  the  air* 
craft  turns,  the  Indicator  case  turns  with  it,  while  the  gyro  holds  its 
fixed  position.    This  causes  the  dial  to  turn  the  same  awoxmt  that  the 
aircraft  and  indicator  has  turned  about  the  gyro.    The  new  aircraft 
heading  is  then  read  at  the  top  lubber  line. 


Cbmplete  the  following  statements  below  by  underlining  the 
correct  answer(3). 

1.     The  gyroscopic  principle  of  (rigidity,  precession)  enables 
the  gyro  to  hold  a  fixed  position  during  turns. 


2. 

turns. 


The  indicator  (dial,  gyro)  turns  the  same  ainount  as  aircraft 
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Answers  to  Frame  23:       1.    horlgontal      2.  precession 

Frame  25 

Operation  of  the  Directional  Gyro  Indicator  will  be  covered  In 
three  pares: 

1.  Gyro  assembly* 

2.  Synchro  assembly. 

3.  Front  panel  (dial)  assembly. 

Refer  to  the  drawing  below  to  learn  the  three  major  parts  of  the 
Indicator. 


INPUT  FROM  THE  OUTPUT  TO 
REMOTE  GYRO  REPEATER 


DIAL  ASSY.  SYNCHRO  ASSY.  GYRO  ASSY. 

List  In  the  spaces  provided  below,  the  three  major  parts  of  the 
Directional  Gyro  Indicator. 

1.   . 

2.   . 

3.     . 
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Answers  to  Frame  24:       1.    rigidity      2.  dial 
Frame  26 

Tlie  gyro  assembly  contains  the  gyro.    The  gyro  provides  the  stable 
reference  for  obtaining  heading  and  turn  signals.    This  heading  informa- 
tion is  sent  mechanically  through  the  synchro  assembly  and  to  the 
indicator  dial. 

Compli^te  che  statements  below  by  underlining  the  correct  ansver(s). 

1.  The  gyro  is  located  in  the  (dial*  chassis*  synchro)  assembly. 

2.  The  (indicator  dial*  gyro)  provides  a  stable  reference  for 
turn  information. 
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Answers  to  Frame  25: 
3,    dial  assembly 


1,    gyro  assembly       2*    synchro  assembly 


Frame  27 


The  gyro  spin  axis  is  held  parallel  to  the  earth  by  a  leveling 
device*    This  unit  senses  when  the  spin  axis  of  the  gyro  has  drifted 
from  level*    When  the  gyro  is  not  parallel  to  the  earthy  the  leveling 
devices  apply  power  to  a  torque  motor*    Through  the  gyroscopic  principle 
of  precession,  the  gyro  is  driven  back  to  Iw/el* 


( 


Complete  the  statements  below  by  underlining  the  correct  answer(s)^ 

1«      The  gyro  spin  axis  is  held  (parallel^  perpendicular)  to 
the  earth « 

2*      When  the  gyro  spin  axis  drifts  from  levels  power  is  applied 
to  a  (torque  motor»  synchro) « 

3*     The  gyroscopic  principle  of  (rigidity,  prectsalon)  drives 
the  gyro  back  to  level* 
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Answers  to  Frame  26:  1.  chassis  2.  f^yrj?. 
Frame  28 


In  Che  diagram  below^  Figure  B  shows  a  directional  gyro  chat  is 
level.    Notice  chat  Che  two  hairsprings  are  co^iching  the  half  circle 
conductor  (slip  ring)  that  is  mounted  between  Che  gyro  case  and  outer 
glmbal.    Leveling  does  not  occur  at  chls  time  because  both  brushes 
(hairsprings)  are  contacting  the  slip  ring.    Figure  A  shows  that 
leveling  is  taking  place  because  the  gyro  spin  axis  is  not  parallel 
Co  the  earth.    Notice  that  only  one  brjsh  is  touching  the  slip  ring. 
This  causes  the  torque  motor  to  operate  which  precesses  the  gyro  back 
Co  level.    When  the  gyro  is  again  levels  both  brushes  contact  the  slip 
ring  and  the  torque  motor  stops  operating. 


/ 


i: 


\ 


Figure  A 


Figure  B 


Complete  the  statements  below  by  underlining  the  correct  answer($). 

1.     Torqulng  occurs  when  (one  brushy  both  brushes)  contact(s) 
the  slip  ring. 


2.     When  the  gyro  is  (levels  unlevel)^  torquing  occurs* 
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Answers  to  Frame  27:       1*    parallel      2*    torque  motor      3*  precession 

Frame  29 

A  gear  is  mounted  on  the  base  outer  gimbal  of  the  gyro  assembly 
(refer  to  gear  A  below).    Gear  A  engages  with  a  vertically  mounted 
gear  (gear  B)  in  the  synchro  assembly*    During  aircraft  turns  the 
gyro  and  gear  A  hold  a  fixed  position*    As  the  aircraft  turns  around 
the  gyrOf  motion  is  transferred  to  gear  B*    This  motion  from  gear  B  is 
transmitted  through  the  magnetic  clutch  to  the  indicator  dial*  Thus^ 
as  the  aircraft  turns  mechanicl  motion  is  transferred  from  the  gyro 
to  the  dial  which  indicates  the  new  heading*    Gear  C  is  used  to  set 
the  dial  to  a  magnetic  heading  without  disturbing  the  position  of  the 
gyro*    The  procedure  for  setting  the  dial  is  covered  in  a  later  frame* 


P'Al  GEAR  C  GEAR  S 


Complete  the  statements  below  by  underlining  the  correct  answer(d)* 

1*     As  the  aircraft  turns^  the  gyro  assembly  gear  A  (tums^ 
remains  fixed)* 

2*     Qear  B  (turns^  remains  fixed)  as  the  aircraft  turns* 
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Answers  to  Fratne  28:       1.    one  brush       2.  unlevel 


Frame  30 

The  synchro  assembly  in  most  cases  is  tiot  used.    This  asseoibly 
enables  the  Directional  Gyro  Indicator  to  be  used  as  a  repeater 
indicator.    As  a  repeater,  the  indicator  gyro  is  not  used.  The 
indicator  dial  will  operate  from  an  input  signal  from  a  gyro  located 
at  a  different  location  in  the  aircraft.    The  input  signal  from  a 
remote  gyro  would  be  applied  to  the  stator  windings  of  synchro  Bl 
in  the  synchro  assembly  (refer  to  the  diagram).    The  synchro  stator 
will  cause  the  rotor  to  be  repositioned.    The  rotor  of  synchro  Bl  is 
mechanically  linked  to  the  indicator  dial,  causing  it  to  turn  as  the 
aircraft  heading  changes* 


INPUT  FROM  THE        OUTPUT  TO 
REMOTE  GYRO  REPEATER 


Complete  che  following  statements  below  by  underlining  the 
correct  answer(s). 

1,  The  Directional  Gyro  Indicator  (can,  cannot)  be  used  as  a 
repeater  indicator. 

2.  As  a  repeater  indicator,  signals  would  come  from  (inside 
the  indicator  case,  a  remote  gyro). 


iG53 
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Answers  co  Frame  29: 


1.    remains  fixed       2.  turns 


Frame  31 

The  synchro  assembly  also  contains  a  transmitting  synchro,  B2 
(refer  to  diagram)*    This  synchro  (B2)  provides  the  Directional 
Gyro  Indicator  with  the  capability  to  provide  an  output  (heading) 
signal  to  a  repeater  indicator  located  in  some  other  part  of  the 
aircraft*    As  the  aircraft  turns,  the  mechanical  motion  which  Is 
transmitted  through  the  synchro  assembly  to  the  dial,  also  re^ 
positions  the  rotor  of  B2«    The  rotor  of  B2  changes  this  mechanical 
motion  Into  an  electrical  signal  In  the  stators  of  B2.    This  signal 
can  be  transmitted  to  another  Indicator  which  will  Indicate  the  same 
heading  as  the  Directional  Cyro  Indicator. 


INPUT  FROM  THE  OUTPUT  TO 
REMOTE  GYRO  REPEATER 


Complete  the  statements  below  by  underlining  the  correct  answer(s)* 

1.  Synchro  (Bl,  B2)  enables  the  indicator  gyro  to  operate 
repeater  indicators* 

2.  The  rotor  of  B2  changes  a  mechanical  motion  to  an  (electrical, 
input)  signal. 


Answers  to  Frame  30:  can      2,    a  remote  gyro 


Frame  32 

The  dial  assembly  consists  o£  the: 

1.  Dial  (A  In  illustration  belov). 

2.  Push-to-set  knob  (B). 

3.  Clutch  switch  (C). 

The  dial  provides  an  indication  of  the  aircraft  heading.    To  be 
accurate,  the  dial  must  be  set  to  the  correct  heading.    The  ^ilot  must 
be  able  to  set  the  dial  without  affecting  the  position  of  the  gyro. 
When  setting  the  dial  to  the  correct  aircraft  heading,  the  mechanical 
linkage  between  the  sy^^  and  the  dial  must  be  disengaged. 


Place  a  checkmark  (v^)  in  front  of  the  true  statements  below. 

1.  To  obtain  accuracy  when  reading  the  indicator,  the  gyro  must 
be  set  to  the  correct  heading. 

2.  When  setting  the  dial,  the  position  of  the  gyro  must  not  be 
affected. 

3.  When  setting  the  dial,  the  mechanical  linkage  between  the 
dial  and  gyro  is  engaged. 
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Answers  Co  Frame  31:       !•    B2       2*  electrical 

Frame  33 

When  Che  push-^to-sec  knob  on  the  £ronc  of  Che  indicator  Is 
pushed  In,  a  set  of  contacts  (clutch  switch)  Is  closed.  Closing 
the  clutch  switch  energizes  the  magnetic  clutch  (refer  to  diagram). 
With  the  clutch  energized,  turning  the  knob  causes  gear  C  to  turn. 
As  gear  C  turns  the  indicator  dial  also  turns  without  affecting  the 
position  of  the  gyro. 


IN^UT  fItOM  THC  OUTPUT  TO 


Complete  the  statements  below  by  underlining  the  correct  answer(s). 

1.  Pushing  the  push^to^set  knob  energizes  (gear  A^  magnetic 
clutch,  gyro). 

2.  Pushing  and  turning  the  knob  rotates  the  (gyro  and  gear  A^ 
dial  and  gear  C)* 


Answers  to  Frame  32;  ^1.  ^    2.  3, 


Ftame  34 

The  indicator  dial  is  read,  simply  by  looking  at  the  letter^ 
numberi  or  increment  directly  in  line  with  the  top  lubber  line. 
The  dial  should  first  be  set  to  the  magnetic  ha^ndlu^  of  the  alr^ 
craft*    After  the  dial  is  set*  it  will  rotates  the  sum  number  of 
degrees  that  the  aircraft  turns. 

Complete  the  following  statements  by  UAiderlinlng  cor^*^t 
answer. 

1.  Aircraft  heading  Is  read  at  the  (be  tjm  lubber  line>  top 
lubber  line>  cardinal  headings  only). 

2,  The  dial  turns  the  same  number  of  degrees  as  the  (aircraft^ 
gyro)  turns. 

Study  the  figures  below,  read  the  dial  indications  and  write 
ti^e  indications  below  each  illustration* 


A   B 


Io57 
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Answers  to  Frame  33;       l*    magnetic  clutch       2,  dial  and  gear  C 

Frame  35 

Place  a  checkmark  {A  in  front  of  the  true  statements  below. 

 1.     The  Directional  Gyro  Indicator  provides  a  visual  Indication 

of  aircraft  heading. 

 The  Directional  Gyro  Indicator  uses  the  earth's  magnetic 

field  as  a  directional  reference. 

 3.     The  indicator  dial  contains  increments  at  every  five  degrees. 

 4.     The  purpose  of  the  push-to-set  knob  Is  to  reposition  the  gyro. 

 ^5.      During  normal  operation,  the  gyro  controls  the  position  of 

Che  dial. 

Complete  the  following  statements  by  underlining  the  correct 
answer (s). 

6.     The  (top,  bottom)  lubber  line  provides  the  reference  for 
reading  aircraft  heading. 

»7.     The  (gyro,  dial)  turns  the  same  amount  that  the  aircraft 
turns. 

In  the  spaces  provided  below,  list  the  names  of  the  three  major 
parts  of  the  Directional  G^ro  Indicator. 

8. 


9. 


10. 
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Match  the  Indicator  parts  to  their  function  or  purpose  by  placing 
the.  appropriate  letter  from  Column  II  in  the  proper  space  provided  in 
Column  I* 


Coltam  I 
11.    Synchro  assembly  a. 
12«    Gyro  asseiably 

b. 

13.  Push-to-set  knob 

c* 

14.  Dial 

15.  Magnetic  clutch  d. 

e* 


Column  II 

Enables  the  dial  to  be 
positioned  manually* 

Is  energized  when  the  push-to-set 
knob  Is  depressed. 

Gives  the  indicator  the  capability 
of  being  a  repeater* 

Contains  the  directional  reference 
gyro. 

Contains  increments  at  every 
5  degrees  for  reading  direction* 

Reference  from  which  the  dial 
is  read* 
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Answers  to  Frame  34: 


1.    top  lubber  line 


2. 


aircraft 


A.    035  degreed 


325  degrees 


Answers  to  Frame  35: 


^  1. 


2. 


^  3. 


4. 


^  5. 


^*    top      7.    dial      8.    dial  assembljr      9.    synchro  assembly 
10.    gyro  assembly      11.    £      12.   _d       13.    a       14.    e      15.  b 


If  any  questions  were  missed  In  frame  35*  return  to  the  frames 
that  cover  the  material  that  was  missed  and  review  it.    After  you 
have  an  understanding  of  the  material  covered  in  section  C»  ask  your 
instructor  the  the  appraisal* 


Section  0 
BANK  AND  TURN  INDICATOR 


Frame  36 


Bank  and  turn  (turn  and  slip)  indicators  are  basically  designed 
as  two  instruments  in  one  as  shown  below*    There  is  an  inclinometer  (A) 
and  a  gyro  operated  turn  indicator  (B).    The  inclinometer  provides  a 
reference  for  the  proper  angle  of  bank  in  a  coordinated  turn.  The 
gyro  operated  turn  indicator  provides  an  indication  of  rate  of  turn  in 
degrees  per  minute  and  the  direction  (left  or  right)  of  turn* 


NO  RESPONSE  REQUIRED 
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Frame  37 


The  purpose  of  the  bank  and  turn  indicator  is  to  indicate  the 
rata  of  turn  in  degrees  per  minute  and  to  Indicate  the  coordination 
li>&tween  the  angle  of  bank  and  the  rate  of  turn. 

Circle  the  letterCs)  of  the  correct  answers. 

!•     The  bank  and  turn  indicator  indicates  the 


a.  direction  of  a  turn. 

b.  attitude  of  the  aircraft. 

c.  rate  of  turn  in  degrees  per  ndnute. 

d.  coordination  between  the  angle  of  bank  and 
the  rate  of  turn. 


Iffo 


Answer  to  Frame  36:    No  response  required, 
Fraiae  3d 

The  Inclinometer  shows  the  coordination  between  the  angle  of 
bank  and  the  rate  of  turn.    The  inclinometer  consists  of  four  things, 
(See  figure  below,)    They  are: 

1,  A  glass  tube  (A), 

2,  A  black  glass  ball  (6), 

3,  Compass  fluid  to  dampen  the  isovement  of  the  ball  (C), 

4,  An  ecpansion  chamber  to  allow  for  expansion  and  contraction 
of  the  compass  fluid  with  temperature  changes  (D)* 

The  position  of  the  black  ball  in  the  tube  determines  the 
coordination  of  the  back  and  turn* 


Match  the  statements  in  Coluimi  A  with  the  items  in  Column  6  by 
placing  the  correct  letter  in  the  place  provided  on  the  left. 


* 


A 


6 


1. 


Contains  th6  compass  fluid 
and  black  ball. 


a. 


Black  glass  ball 


b. 


The  glass  tube 


2, 


Dampens  the  ball* 


s  movement 


c. 


Compass  fluid 


3, 


Allows  the  compass  fluid  to 
expand. 


d. 


Expansion  chamber 


4, 


Indicates  the  coordination 
of  the  turn  and  bank. 


1GS3 
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Answers  to  Frame  37: 


1.       0  b 


©  © 


ml 

Frame  39 


The  gyro  (A)  that  moves  the  turn  pointer  (B)  is  semiunivcrsally 
mounted  (See  figure  below.)    This  gyro  operates  on  the  principle  of 
precession.    The  power  requirement  for  this  gyro  is  28V  DC*  The 
operating  speed  o£  the  gyro  is  S>200  rpm*    This  speed  is  controlled 
by  a  centrifugal  governor. 


Circle  the  letter(s)  of  the  true  statementCs)  below* 

a*     The  gyro  in  this  instrument  works  on  the  gyroscopic 
principle  of  precession* 

b*     When  the  aircraft  turns*  the  gyro  should  tilt* 

c*     The  speed  of  the  gyro  is  controlled  by  the  centrifugal 
governor. 

d*     The  gyro  in  this  Instrument  operates  on  the  gyroscopic 
principle  of  rigidity* 

e*     The  power  requirement  for  this  gyro  is  287  AC* 

f*     The  operating  speed  of  this  gyro  is  32*000  rpst 
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Answers  to  Frame  38: 


b  1. 


c  2. 


d  3. 


a  A. 


Franie  AO 


The  centrifugal  governor  shown  in  figure  below  controls  the  speed 
of  the  gyro.    One  of  the  governor's  contacts  is  stationary  (A);  the 
other  is  a  spring  contact  (B)*    The  spring  contact  can  be  adjusted  to 
increase  or  decrease  the  speed  of  the  gyro. 


Circle  the  letter(s)  of  the  correct  answer(5). 

1.     The  purpose  of  the  centrifugal  governor  is  to  control  the 

a.  movement  of  the  ball. 

b.  amount  of  gyro  tilt. 

c.  speed  of  the  gyro. 

d.  amount  of  centrifugal  force. 


B 


A 


IGS5 


62 


Answers  Co  Frame  39:  d  e  f 

Frame  41 

As  long  as  Che  gyro  rocor  speed  Is  3>200  rpm  or  less,  Che  governor 
contacts  are  closed*    If  Che  roCor  speed  exceeds  5,200  rpm,  centrl-^ 
fugal  force  throws  Che  spring  contact  outward*    (See  figure  below*)  ^ 
This  opens  the  circuit  resulting  in  decreased  rotor  speed*  After 
the  rotor  slows  to  3,000  rpm,  the  contacts  are  again  closed*  The 
opening  of 'the  governor  contacts  control  the  speed  of  the  gyro  to 
approximately  5,200  rpm*    The  governor  can  be  adjusted  to  increase 
or  decrease  the  speed  of  the  gyro*    This  adjustment  will  be  covered 
later  in  this  text* 


Governor  contact  closed*  Governor  contact  open* 


Circle  the  letter(s)  of  the  true  stateioentCs)  * 

a*      The  speed  of  the  gyro  rotor  is  controlled  by  a  centrifugal 
governor* 

b*     If  the  speed  of  the  gyro  exceeds  5,200  rpm,  gravity  opens 
"the  governor  contacts* 

c*      As  long  as  the  rotor  speed  is  5,200  rpm  or  less,  the 
governor  contacts  are  closed* 

d*      The  figure  on  the  right  shows  Che  gyro's 
speed  Is  5,200  rpm  or  less* 
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Answers  to  Frame  40: 
Ftamd  A2 


© 


tiacch  Che  statements  in  Column  A  to  the  Items  in  Column  B  by 
placing  the  letter  o£  the  Item  in  the  correct  space  on  the  left* 


c 


A 


Indicates  rate  of  turn  and 
coordination* 

Contains  compass  fluid  and 
a  black  ball* 

^3.      Dampens  the  ball's  . 
movement* 

Allows  the  compass  fluid 
to  expand* 

_5.     Indicates  the  coordination 
of  the  bank  and  turn* 

JS.     Operates  on  the  principle 
of  precession* 

J*     Controls  the  speed  of  the 
gyro* 


a.  Black  glass  ball 

b.  Bank  and  cum 
indicator 

c*  Centrifugal  governor 

d*  Glass  tube 

e*  Compass  fluid 

f.  Expansion  chamber 

g*  Gyro 
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Answers  to  Frame  41:       (a)        b        (cj  d 


Frame  43 


When  the  aircraft  turns,  the  gyro  tilts,  deflecting  the  pointer 
In  the  direction  of  the  turn*    The  amount  the  pointer  deflects  from 
zero  is  proportional  to  the  rate  the  aircraft  Is  turning* 

'  Circle  the  letter(s)  of  the  correct  ans(jer(s)4 

1*     The  rate  of  turn  Is  determined  by  the 

a*     direction  of  pointer  deflection*  ^ 

b,     direction  that  the  gyro  tilts* 

c*     amount  of  pointer  deflection  from  zero* 

d*     movement  of  the  Inclinometer* 


IGB.8 
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Answers  to  Frame  42: 


b    1,       d    2*        e    3t       f    4.       a    5.      _g    6*       c  /  N 

Frame  A4 

The  width  of  the  pointer  is  5/32'\    One  pointer  deflection  from 
zero  is  equal  to  a  rate  of  turn  of  90*  per  minute*    (See  figure  below)* 


Circle  the  letters  of  the  correct  answers,  • 
i 

It      If  the  pointer  on  the  bank  and  turn  indicator  is  deflected 
5/32"  from  zero,  the  aircraft^s  rate  of  turn  is 

a*  18 0*^  per  minute* 

b«  18^  per  minute* 

c,  90^  per  minute, 

dt  136^-  per  minute, 

2,      Figure  6  indicates  that  the  aircraft  is  turning  at  a  rate  of 
a,      190*  per  minute* 
b*      180*  per  minute* 
c*     18^  per  minute* 
d*      90*  per  minute* 
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Answers  co  Frame  43; 


Frame  45 

The  pointer  deflections  muse  be  read  accuracely  by  the  inscnment 
repairman.  To  make  sure  you  understand*  let's  divide  the  pointer  into 
five  equal  pares.  Remember  we  said  the  widch  of  che  pointer  is  S/32'\ 
and  5/32"  is  equal  to  90"*  per  minute.  This  means  chat  1/32"  is  1/5  of 
90^  or  18^*  '  , 

1*     Convert  che  following  fractions  of  an  inch  inco  degrees 
per  minute « 

a*  1/32"  ■  degrees  per  minute. 

b.  2/32"  »  degrees  per  minute. 

c.  4/32"  »  degrees  per  minute, 

d.  5/32"  «  degrees  per  minute, 

e.  10/32"  •  detjrees  per  minute, 

f .  1/8"   »  degrees  per  minute. 

g.  5/16"   degrees  per  minute.  • 
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Answers  to  Fraiae  44: 


a 


a 


0  a 
c  © 


Frame  46 


Two  pointer  deflections  are  equal  to  10/32"  (2  x  5/32")  or  180* 
per  minute  (2  x  90*).    The  figure  below  shows  the  aircraft  turning 
at  a  rate  which  causes  the  pointer  to  deflect  1  and  1/2  pointer 
widths. 


Circle  the  letters  of  the  correct  answers. 

1.     What  is  the  aircraft's  rate  of  turn  in  the  figure  above? 

a.  135*. 

b.  125*. 

c.  145*. 

d.  180*. 

2»     How  many  inches  is  the  pointer  in  the  figure  above  deflected? 

a.  13/64. 

b.  15/64. 

c.  17/64. 

d.  19/64. 
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Answers  to  Frame  45: 
18    a ,      36    b ,      72    c ,      90    d ,    180    e ,      72    f ,    180    g . 

Frame  47 

In  the  previous  frame  we  converted  1  1/2  pointer  deflections 
(widths)  to  15/64"  not  ?/32",    Why?    1  1/2  pointer  widths  "  1  1/2  x 
5/32"  «  3/2  X  5/32"  »  15/64",    Always  remember  that  one  pointer 
width  is  5/32";  and  if  the  pointer  la  deflected  one  width  (5/32"), 
this  is  90**  per  minute. 

Read  the  Indications  below  and  indicate  their  readings  in 
inches  and  degrees  per  minute. 


1.     a.     ^  2.  a. 

b.   ^*PM  b. 


3,  a. 
•PM  b. 


1*572 
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Answers  to  Frame  46: 


1.   0  b 

2*     a  0 


c 


c 


d 


d 


Frame  48 


The  inclinometer  and  pointer  are  read  together  to  obtain  the 
following  information: 

1«     Coordinated  tum« 

2.  Skid. 

3*  Slip. 

During  a  tum^  gravity  and  centrifugal  forces  act  on  the 
ball  at  the  same  time^    If  the  aircraft  is  banked  just  the  right 
amount  for  the  rate  of  tum^  both  forces  acting  on  the  ball  are 
equal*    The  ball  then  remains  in  Che  center*    This  Is  called  a 
coordinated  turn  and  is  shown  in  the  figure  below. 


Circle  the  lecter(s)  of  the  true  statement(s)* 

a*     The  fluid  in, the  inclinometer  dampens  the  movement  of 
the  ball* 

b.     Gravity  and  centifug?!  forces  act  on  the  ball  in  a  turn* 

c*      If  gravity  and  centrifugal  force  are  equals  the  ball  will 
remain  in  the  center. 

d.      In  a  coordinated  turn,  the  ball  will  stay  in  the  ceuter 
of  the  inclinometer. 
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Answers  to  Frame  47: 

1.     a.      5/32'=        2.     a.      15/32"       3,     a.  5/64" 
b.      90*  PM  b.      270'  PM  b.     45*  PM 

Frame  49 

If  the  bank  is  too  steep  for  the  rate  of  turn*  gravity  overcomes 
centrifugal  force  and  the  ball  falls  towards  Che  inside  of  the  tum« 
This  type  of  turn  is  called  a  slip  and  can  be  seen  on  the  figure  below« 


thft  aircraft  is 

a.  skidding^ 

b.  making  a  coordinated  tum« 
turning  too  fast^ 

d.     slipping « 
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Answers  to  Frame  48 i 

0  0  0  0 

Frante  50 

the  figure  below. 


Circle  the  letter(s)  of  the  correct  answer ( s) . 
1.     During  a  turn,  if  centrifugal  force  overcomes  gravity 
the  aircraft  is 

a.  slipping. 

b.  making  a  coordinated  turn. 

c.  skidding. 

d.  turning  too  slow  for  the  angle  of  bank. 
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Fraioe  31 


Circle  the  letters  of  the  true  statements  below. 

1.  In  a  coordinated  turn, 

a.  gravity  and  centrifugal  forces  are  e<lual. 

b.  the  ball  remains  centered. 

c.  the  pointer  Indicates  the 
direction  and  rate  of  turn. 

d.  the  picture  on  the  right  would 
indicate  a  coordinated  turn. 

2.  ]ji  a  slip,  the 

a.     angle  of  hank  Is  too  steep 
for  the  rate  of  turn. 

h.     gravity  overcomes  (Is  greater) 
centrifugal  force. 

c.  hall  "falls^^  toward  the  inside 
of  the  turn. 

d.  pointer  Indicates  the  direction 
and  rate  of  turn. 

e.  Indication  would  be  the  same 
as  on  the  indicator  on  the 
right. 

3.  In  a  skid,  the 

a.  angle  of  bank  is  too  small 
for  the  rate  of  turn* 

b.  centrifugal  force  overcomes 
(is  greater)  gravity. 

c      ball  is  ''thrown'*  to  the 
outside  of  the  turn. 

d.  pointer  indicates  the 
direction  and  rate  of  turn. 

e.  picture  on  the  right 
would  indicate  a  skid. 
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Answers  to  Frame  49: 


Answers  to  Frame  50: 
a        b     (7)  d 
Frame  52 

In  the  spaces  provide  1: 

a#      Indicate  whether  the  bank  and  turn  indicator  shows  a  slip, 
a  skidt  or  a  coordinated  tum# 

b.     Indicate  the  amount  of  pointer  deflection  in  fractions  of 
an  inch. 

c#     Indicate  the  rate  of  turn  in  degrees  per  minute* 


IG77 
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Answers  to  Frame  51: 


1.  ©  ©  ©  d 

2.  ©     ©  ©  © 

3.  ©    ©  ©  © 


e 


e 


Frame  53 


A  dashpot  type  damping  unit  (shown  in  the  Ulustration  below) 
controls  oscillation  of  the  gyro.    It  acts  as  a  brake  of  the  gyro 
assembly  for  controlling  the  speed  that  the  gyro  returns  to  its 
neutral  position  after  a  turn.    The  damping  unit  is  necessary  to 
prevent  the  pointer  (controlled  by  gyro  movement)  from  returning 
too  fast  and  overshooting  the  zero  mark  (pointer  oscillation). 


Circle  the  letter (s)  of  the  correct  answer(s). 
1..    The  purpose  of  the  damping  unit  is  to 

a.  prevent  pointer  oscillation. 

b.  prevent  inclinometer  oscillation. 

c.  keep  the  gyro  rigid. 


keep  the  ball  centered. 


Answers  to  Frame  52: 


1. 

a. 

slip 

2. 

a. 

co-ord 

3.  a. 

skid 

4.  a. 

slip 

b. 

5/32" 

b. 

5/64" 

b. 

5/32" 

b. 

15/32" 

c. 

90*PM 

c. 

45*PM 

c. 

90"PK 

c. 

270'PM 

5. 

a. 

skid 

6. 

a. 

slip 

b. 

15/64" 

b. 

25/64" 

c. 

135'PM 

c. 

225'PM 

Frame  54 


Sensitivity^  damping^  centering  (static  balance) »  and  centrifugal 
governor  adjustments  can  be  made  on  the  bank  and  turn  indicator.  The 
locations  of  the  adjustment  screws  (not  necessarily  the  screws  them-* 
selves)  are  shown  In  the  figure  on  the  right  (looking  from  the  front 
of  the  instrument). 


a.  Item  A  is  the  damping  adjustment 
scretf . 

b.  Item  B  is  the  sensitivity 
adjustment  screw. 

c.  Item  C  is  the  centering  (static 
balance)  adjustment  screw. 

Study  the  locations  again.    Be  sure 
you  know  the  name  and  location  of 
each  adjustment  screw. 

Match  the  names  of  the  adjustments 
with  the  letters  shown  in  the  figure  below. 


1. 


2. 


3* 


Sensitivity  adjustment 
screw. 

Centering  adjustment 
screw. 

Damping  adjustment 
screw. 


1G?9 
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Answers  to  Frame  53: 
bed 


0 


Frame  55 


The  purpose  of  the  centering  adjuatnent  is  to  align  the  pointer 
on  zero*    This  adjustment  is  perfomed  with  the  instrument  cover 
removed  and  with  no  power  applied  to  the  instrument. 


Pblnter  Aligned  on  Zero* 

Circle  the  letter(s)  of  the  correct  stat«ment(s). 

a*     The  centering  adjustment  is  performed  ylth  power  applied 
to  the  instrument* 

b*     The  purpose  of  the  centering  adjustment  screw  is  to  align 
the  pointer  on  zero. 

c.  The  centering  adjustment  is  performed  with  no  power  applledn 

d.  The  centering  adjustment  controls  pointer  oscillation* 

e.  The  centering  adjustment  is  performed  ^a^th  the  Instrument 
cover  on. 
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Answers  Co  Frame  5A: 


1.      B       2.      C       3.  A 
Frame  56 

The  purpose  of  the  sensitivity  adjustment  screw  is  to  adjust 
the  pointer  to  indicate  the  correct  rate  of  turn. 


Circle  the  letterCs)  of  the  correct  stateaentCs). 

a*     The  sensitivity  adjustioent  screw  is  used  to  adjust 
the  pointer  on  zero. 

b*     The  sensistivlty  adjustment  is  located  on  the  upper 
left  side  (looking  from  the  front). 

c*     The  sensitivity  adjustment  is  used  to  adjust  the  pointer 
to  indicate  the  correct  rate  of  turn. 

d.     The  sensitivity  screw  is  located  on  the  upper  right  side 
of  the  instrument. 


Pointer  Adjusted  to  Indicate  90^PH. 


Answers  to  Frame  55: 

a       (7)     (7)       d  e 

Fraoe  57 

The  damping  adjustment  screw  adjusts  the  rate  at  whtch  the 
gyro  returns  to  its  neutral  position.    This  prevents  pointer 
oscillation  and/or  overtravel  when  the  aircraft  returns  to  XeveX 
flight  after  making  a  turn. 

Circle  the  letter(s)  of  the  correct  answer(s). 

1.      The  purpose  of  the  damping  adjustment  (screw)  I3  to 

a.  prevent  inclinometer  oscillation. 

b.  keep  the  gyro  level. 

c.  adjust  the  pointer  on  zero* 

d.  prevent  pointer  oscillation  and/or  overtravel* 


Answers  to  Frame  56; 


The  centrifugal  governor  adjustment  screw  Is  located  on  the 
gyro  rotor*    The  purpose  of  this  adjustment  Is  to  adjust  the  speed 
of  the  rotor  at  5»200  rpm* 

Circle  the  Xetter(s)  of  the  correct  5tatement(s) , 

a.      The  centrifugal  adjustment  screw  Is  located  on  the 
upper  left  side  of  the  Instrument, 

b*     The  centrifugal  governor  adjustment  screw  is  used  to 
adjust  the  speed  of  the  rotor, 

c.     The  rate  of  tum^  indicated  by  the  pointer*  is  controlled 
by  the  centrifugal  governor  adjustment* 


Answers  to  Frame  57: 
a         b  c 

Frame  59 

Match  the'  Items  In  the  right  hand  column  to  those  In  the  left. 


1.. 

2._ 

3., 

4, 


© 


used  to  align  the  pointer 
on  zero* 

adjusts  rotor  speed* 

used  to  adjust  the  pointer 
to  Indicate  the  correct 
race  of  turn. 

used  to  prevent  pointier 
oscillation  and/or 
over travel* 

located  on  the  upper 
right  side  of  the 
indicator* 


a*     Damping  adjustment  screw 

b.  'Centrifugal  governor 
adjustment 

c.  Sensitivity  adjustment 
screw 

d*     Centering  adjustment 
screw 

e.  Inclinometer 

f *  Gyro 
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Answers  to  Frame  58: 

a     ®  c 
Frame  60 

An  instrtment  test  turntable  as  shovn  in  the  figure  below>  i$ 
used  for  bench  checking  all  bank  and  turn  indicators.    The  turntable 
±3  equipped  with  special  brackets  that  enable  you  to  mount  the 
indicator  in  the  same  position  it  will  occupy  in  the  aircraft. 
The  tt^mtable  is  used  to  simulate  five  correct  rates  of  turn. 
The  turntable  must  be  checked  periodically  to  make  sure  these 
simulated  rates  are  correct. 


Circle  the  letter(s)  of  the  correct  answer(s). 

1.     The  purpose  of  the  instrument  test  turntable  is  to 

a.  dampen  pointer  oscillation. 

b.  simulate  the  correct  amount  of  turn. 

c.  simulate  the  correct  rate  of  turn. 

d.  check  the  speed  of  the  gyro. 

LGSo 
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Answers  co  Frame  59: 

1,    d  2,    b  3,    c        4*    a        5*  c 

Frame  61 

The  starting  voltage*  damping*  current  drain  and  sensitivity 
tests  are  all  performed  with  power  applied  to  the  in^;f:r^tIn<»T^^ 

The  starting  voltage  test  is  perforteod  by  applying  the  15V  DC 
to  the  instrument  and  checking  to  see  If  the  rotor  starts  to  rotate 
and  continues  to  rotate.    The  purpose  of  this  test  is  to  check  for 
excessive  friction  in  the  rotor  bearings  of  interference  between 
the  rotor  and  the  stator* 

Circle  the  letter (s)  of  the  correct  answerCs), 
1*     The  starting  voltage  tist  Is  performed  to 

a.  check  for  interference  in  the  15V  BC« 

b.  check  for  excessive  rotor  bearing  friction  or 
interference  between  the  rotor  and  the  stacor* 

c*      simulate  excessive  bearing  friction  and  stator  rubbing 


-L. 


Answers  to  frame  60: 


d 


Frame  62 


The  current  drain  (power  consumption)  test  is  performed  by 
placing  an  ammeter  in  series  with  the  instrument  power  input  and 
checking  for  a  maximum  amperage  of  150  milliamperes*    If  the 
current  exceeds  150  mllliamperes ,  the  probable  cause  is  excessive 
rotor  beating  friction. 

Circle  the  letter(s)  of  the  correct  answer(s). 

1*     The  primary  purpose  of  the  current  drain  test  is  to 

a^     measure  150  milliamperes* 

b«     place  the  anmeter  in  series* 

c*     check  the  condition  of  the  rotor  bearings* 

d^     check  rotor  speed. 
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Answers      Frame  61: 


0 


Frame  63 


The  damping  test  is  performed  by  mounting  the  indicator  on  the 
turntable  and  allowing  the  rotor  to  rotate  at  full  operating  speed* 
Rotate' the  turntable  at  3  rpm  (lOSO^FM).    Suddenly  stop  the  rotation 
of  the  turntable,    the  pointer  should  settle  on  the  *^zero^*  position 
in  not  less  than  1  second  or  more  than  3  seconds*    If  the  pointer 
oscillates*  overtravels»  or  appears  sluggish*  the  damping  adjustment 
must  be  made.    If  the  pointer  should  oscillare  or  overtravel»  it  is 
returning  too  fast  (in  less  tlian  one  second) .    If  the  pointer 
appears  sluggish^  it  is  returning  too  slowly  (more  than  3  seconds). 

Circle  the  letter(s)  o£  the  true  statement(s). 

a.  The  turntable  should  be  operated  at  3^?H  for  the  damping 

test. 

b.  The  pointer  should  return  to  zero  within  1  to  4  seconds* 

c.  The  oscillations  of  the  pointer  should  be  counted. 

d.  The  purpose  of  the  damping  test  is  to  check  for  pointer 
oscillations*  overtravel  and  sluggishness. 
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Answers  to  Frame  62: 


0 


a  b        I  c  /       a  ^ 

Frame  64 

The  sensitivity  test  is  performed  using  the  turntable  to 
simulate  the  rates  of  turn  given  in  the  technical  order.  The 
purpose  o£  this  test  is  to  check  the  Instrument  to  make  sure  it 
is  indicating  the  correct  rate  of  turn. 

HQ  RESPONSE  HEtlfUIRED 


1SS9 
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Answers  to  Frame  63: 


© 


Frame  65 

I.     Circle  Che  letter  of  the  true  staceroents  below. 

a.     The  bank  and  turn  indicator  measures  cunt»  in  degrees 


per  seconds 


b.  Direction  o£  turn  is  Indicated  by  the  bank  and  turn 

Indicator. 

c.  The  degree  an  aircraft  has  turned  is  indicated  by  the 
bank  and  turn  indicator. 

d.  The  bank  and  turn  Indicates  the  coordination  between 
the  angle  of  bank  and  the  rate  of  turn. 

e.  Rate  of  turn  Is  Indicated  In  degrees  per  minute. 

II.  Match  the  bank  and  turn  Indicator  parts  to  their  function 
by  placing  the  letters  of  the  parts  in  Column  II  in  the  appropriate 
spaces  In  Coluim  I. 


1. 


2. 


3. 


4. 


J. 
JS. 

JB. 
9. 


Column  I 

Cblumn  II 

Adju±;ts  the  pointer  to 

a. 

CoEpao^  fluid. 

the  correct  rate  of  turn. 

b. 

Centering  adjustment. 

Aligns  the  pointer  to 

center 

c. 

Centrifugal  governor. 

Allows  the  compass  fluid 

d. 

Dampening  adjustment. 

to  expand. 

e. 

Expansion  chamber. 

Controls  the  rate  at 

which  the  pointer 

f. 

Glass  ball. 

returns  to  center. 

S- 

Glass  tube. 

Controls  the  speed  of 

the  gyro. 

h. 

Gyro. 

Contains  the  compass 

1. 

Sensitivity  adjustment. 

fluid. 

Dampens  the  movement 
of  the  glass  ball. 

Has  Its  speed  adjusted 
to  5200  rpm. 

Indicates  che  coordination 
of  the  bank  and  turn. 
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 10*       Operates  on  the  principle 

of  precession* 

IXI-     In  the  spaces  provided: 

a*      Indicate  whether  the  bank  and  tuni  Indicator  shows 
a  slip,  a  skid,  or  a  coordinated  turn. 

Indicate  the  rate  of  turn  In  degrees  per  minute. 


a« 


a, 
b- 


a< 
b. 
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Answers  to  Frame  65: 

I.  a     ®     c     ®  0 

II.  J.  ^1.,    _b  l.t    _e  ^3.,    _d  4.,    _c  5.,    _£  ^6.,    _a  ^7., 

h    8..    _f  ^9..  h  10. 

III. 

1.  2. 

a.  slip  a.  co-ord 

b.  90  "FM  b.  45°^! 

3.  4. 
a*     skid  a.  slip 

b.      90*FM  b.  270°PM 

5.  6. 
^*     gfe^  slip 
135^H1  b.  225^gM 

If  any  questions  were  missed  In  frame  65 »  return  to  the  frames 
that  cover  the  material  that  was  missed  and  revi^  It.    After  you 
have  an  understanding  of  the  material  presented  In  section  D>  ask 
your  instructor  for  the  appraisal. 
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Technical  Training 


Avionics  Instrument  Systems  Specialist 


INSPECTION,  BENCH  CHECK  AND  ADJUSl-MEHT 
OF  THE  BANK  AND  TUSH  INDICATOR 


17  March  1978 


CHANUTE  TECHNICAL  TRAINING  CENTER  (ATC) 
3360  Technical  Training  Group 
Chanute  Air  Force  Base,  Illinois 


DESIGNED  FOR  ATC  COURSE  USE 
DO  NOT  USE  ON  THE  JOB 


Flighc  Training  Devices/instrument  Branch  3ABR32531-WB-402 
Chanuce  AFB,  Illinois 

INSPECTION,  OPERATIONAL  CHECK,  BENCH  CHECK 
AND  TROUBLESHOOT  THE  BANK  AlHD  TURN  INDICATOR 


OBJECTIVES 


1.  Given  a  workbook*  test  equipment  and  components,  perform 
an  inspection  and  operational  check  of  flight  instruments  with  a 
minimum  of  100%  accurate  workbook  responses. 

2.  Given  a  workbook,  test  equipment  and  components*  perform  a 
bench  check  of  representative  flight  instruments  with  a  minimum  of 
100%  accurate  workbook  responses, 

3p      Given  a  workbook,  test  equipment  and  trainer,  troubleshoot 
flighc  instruments  with  a  minimum  of  80%  accurate  workbook  responses. 


EQUIPMENT 


Rate  Table 

Power  Control  Panel 

AN/PSM-6 

Stroboscope 

Screwdriver 

Turn  and  Slip  Indicator 
torkbook 


Basis  of  Issue 
1/ student 
l/student 
l/student 
l/student 
l/student 
l/student 
1/ student 


PROCEDURE 


The  instructions  necessary  for  the  performance  of  a  visual 
inspection^  operational  check,  bench  cheeky  and  troubleshooting  the 
turn  and  slip  indicator  are  given  in  this  workbook*    As "each  step  of 
this  workbook  is  completed,  you  will  be  required  to  make  some  kind 
of  a  response.    Your  response  may  be  placing  a  check  (/)  on  a  blank 
to  indicate  satisfactory  or  unsatisfactory  results  or  filling  in  a 
blank  with  a  voltage  or  current  value.    After  you  have  completed  the 
workbook,  your  instructor  will  check  it.    If  you  have  difficulty 
completing  any  part  of  the  workbook,  ask  your  instructor  for  assistance. 
REMOVi:  ALL  YOUR  JEWELRY!!? 


1.      Visual  Inspection. 

a*      Make  a  thorough  visual  clieck  of  the  turn  and  slip 
indicator  to  insure  that  the  case,  cover  glass^  and  connector  are 
not  dented,  cracked,  or  corroded.    List  any  defects  in  the  spaces 
below. 
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b*  Check  Che  fluid  In  che  incllnomecer  co  ensure  chac 
it  Is  not  discolored  (milky)  and  that  there  are  no  air  bubbles  In 
view. 


R«uHt  Of  Chick 

S 

U 

Noee:    If  there  are  any  air  bubbles  visible  in  ehe  inclinometer 
they  can  be  removed  by  tilting  the  indicator  clockwise  until 
the  air  has  returned  to  the  expansion  chamber  on  che  inclinometer* 
This  can  be  done  while  doing  step  c* 

c*      Disconnect  the  cannon  plug  from  the  rear  of  the  indi- 
cator and  slide  the  face  plate,  with  the  indicator  mounted  on  it, 
from  the  brackets  on  the  turntable*    tilt  the  indicator  left  and 
right  to  ensure  that  the  glass  ball  moves  freely  in  the  inclinometer* 
Replace  the  face  plate  in  the  holding  brackets  on  the  turntable,  and 
the  glass  ball  should  center  itself  between  the  lines  at  che  center 
of  the  inclinometer. 


Results  Of  Chick 

S 

U 

-  d*      Gently  tap  the  indicator  and  check  the  pointer,  ic 
should  be  exactly  aligned  with  the  center  mark  on  the  dial. 


Results 

Of 

Ch«ck 

S 

U 

Note:    If  the  pointer  is  not  aligned  with  the  center  mark,  you 
will  make  the  proper  adjustment  later  in  this  workbook* 

2*      Bench  Check—This  portion  of  the  workbook  will  incorporate 
che  operational  check,  bench  check,  and  troubleshooting  objectives* 

Note:    Before  continuing,  slide  the  case  off  of  che  indicator* 
Reconnecc  the  cannon  plug* 

a«      Static  Balance  Check* 

(1)  If  you  found  that  the  pointer  was  not  centered 
during  the  visual  inspection^  you  can  center  it  by  turning  che  centering 
screw  shown  in  figure  1* 

(2)  While  you  are  turning  the  screw  gently  tap  the 
indicator  to  remove  any  friction  that  may  be  in  che  mechanical  linkage. 


Results  Of  Ch«ck 

S 

U 
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Figure  1*    Locacion  of  Adjustment  Screws* 
h.      Starting  Voltage  Check* 

(1)  Make  sure  chat  Che  turntable  RATE  CONTROL  is  In 
the  OFF  position*  Plug  the  turntable  into  a  H5V  AC,  single  phase, 
60Hz  outlet* 

(2)  Wire  the  power  control  panel  as  shown  In  figure  2* 


Figure  2.    Power  Control  Panel  Wiring  Diagram* 
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(3)  Prepare  the  AN/PSM-6  for  making  DC  voltage  measure- 
ments and  connect  It  to  the  points  Ind^'  .ed  on  the  power  control  panel 
in  figure  2,    Be  sure  that  you  observe  the  polarities  when  making 

this  hookup* 

(4)  Plug  the  cannon  plug  on  the  power  control  panel 
into  the  connector  on  the  turntable* 

(5>    Rotate  the  potentiometer  on  the  power  control 
panel  fully  clockwise. 

(6)    Connect  the  power  plug  on  the  control  panel  into 
a  28V  DC  outlet. 

(7>    Watch  the  gyrorotor  and  slcwly  turn  the  potentio- 
meter counterclockwise.    When  the  rotor  begins  to  turn*  stop  turning 
the  potentiometer  and  record  the  voltage  reading  of  the  PSH-6.  It 

is  reading  volts.    This  value  should  be  15  volts  or 

less. 


Rfsults  Of  Chfck 

S 

(8)    Unplug  the  control  panel  from  the  28V  DC  outlet, 
c.      Current  Drain  Check. 


(I)    Wire  the  power  control  panel  as  shown  ^Xi  figure  3. 


Figure  3.    Power  Control  Panel  Wiring  Diagram. 


(2)  Prepare  the  for  making  DC  current  measure- 
ments.   Be  sure  to  start  this  check  with  the  range  selector  set  to 
1>000.    Connect  the  PSM-6  to  the  points  indicated  on  the  control  panel 
In  figure  3.    Be  sure  to  observe  polarity. 

(3)  Connect  the  power  plug  on  the  control  panel  to 
the  2dV  DC  outlet. 
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(4)    Watch  the  PSM-6*    The  current  required  to  operate 
the  gyro  should  not  exceed  150  milliamps.    The  PSM-6  is  reading 
 milliamps.    Allow  5  seconds  for  the  Indication  to  stabilize. 


fte^ults  Of  Check 

I" 

(5)    Unplug  the  control  panel  from  the  28V  DC  outlet, 
d.      Gyrospeed  Cht  / 


(1)    Wire  the  power  control  panel  as  shown  in  figure  4- 


Figure  4*    Power  Control  Panel  Wiring  Diagram. 


(2)  Connect  the  power  plug  on  the  control  panel  to 
a  28V  DC  outlet. 

(3)  On  the  stroboscope  (refer  to  figure  5),  place  the 
select  dial  to  the  first  STROBOSCOPE  HIGH  position.    Plug  the  power 
cord  of  Che  stroboscope  into  a  115V  AC»  single  phase,  6OH2  outlet. 
TKe  stroboscope  light  should  begin  to  flicker,  if  it  doesn't,  call 
your  instructor* 


Figure  5.  Stroboscope* 
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(5)  Place  Che  stroboscope  next  to  the  gyro  so  that 
the  light  flickers  oii  the  gyro.  Adjust  the  stroboscope  speed  con*^ 
trol  knob  until  the  gyro  appears  to  be  stopped.  Read  the  speed  of 
the  gyro  from  the  HIGH  side  of  the  speed  scale  on  top  of  the  strobo- 
scope* The  speed  shoulr*  be  5t200  RFH  ±  100  RPH*  Record  the  speed 
of  the  gyro  on  the  space  provided. 


Result  s 

Of 

Check 

S 

U 

(6)    Hove  the  select  dial  on  the  stroboscope  to  OFFt 
and  unplug  the  stroboscope. 


e*     Daniping  Check* 

(1)  insure  that  the  power  control  panel  is  wired  as 
shown  in  figure  4>  and  that  it  Is  plugged  into  a  2^V  DC  outlet. 

(2)  Place  the  turntable  directional  control  switch  to 
either  the  L  or  R  position^  and  the  rate  control  knob  to  the  1^080 
degree  position + 

Note:    Watch  the  pointer  closely  as  you  perform  the  next  step^ 
The  pointer  must  return  to  the  center  of  the  dial  in  no  less  than 
one  second  and  no  more  than  three  seconds  after  the  turntable 
has  stopped. 

(3)  After  the  turntable  has  made  a  couple  of  revolutions> 
turn  the  rate  control  OFP.    This  will  cause  the  table  to  stop  turning 
instantly* 

(4)  If  the  pointer  took  less  than  one  second^  or  more 
than  three  seconds >  or  overshot  the  center  mark  when  returning,  the 
damping  scr&ff  ^  will  have  to  be  adjusted.    See  figure  1  for  its  location. 


Resurts  Of  Check 

S 

u 

(5)    If  you  have  to  make  the  adjustment  of  the  damping 
screw^  repeat  steps  2  through  4  until  the  damping  check  is  satisfactory. 

f.      Sensitivity  Check. 

(1)  Ensure  that  the  power  control  panel  is  wired  as 
shown  in  figure  4  and  that  it  is  connected  to  a  28V  DC  outlet* 

(2)  Turn  the  rate  table  rate  control  to  180  degrees 
per  minute.    The  pointer  should  deflect  5/16  ±  1/Z2  of  an  inch* 

(3)  Record  the  pointer  deflection  on  the  blank  provided* 


7 


Result?  Of  Check 

S 

(4)    If  ttie  pointer  is  out  of  tolerance^  adjust  ttie 
sensitivity  screw  shown  in  figure  I. 


(5)    Test  the  Indicator  at  the  rates  of  turn  given 
in  table  1  below.    Record  the  amount  of  deflection  for  each  of 
the  rates  and  indicate  If  It  was  satisfactory  or  unsatisfactory* 


Rate  of  Turn 

Pointer  Deflection 

Required  Pointer 

Results 
of  Sat 

Check 
Unsat 

36  per  mln 

1/16  ±  1/64 

180  per  mln 

5/16  ±  1/32 

360  per  mln 

5/8  ±  1/16 

Table  1.    Sensitivity  Check. 


g .      Troub leshoo  ting . 

(1)    Figure  6  contains  data  rfilative  to  locating  troubles 
in  thfi  equipment,  their  probable  causes,  and  corrective  mfiasurfis  neces- 
sary to  correct  the  problem. 


Trouble 

Probable  Cause 

Remedy 

INDICATOR  DRAWS  EX- 
CESSIVE CURRENT 

Excessive  friction  In 
bearings. 

Replace  defective 
bearings . 

Weak  iBoCor  magnet. 

Replace  magnet. 

Excessive  preload  on 
bearings  . 

Adjust  motor  ad- 
justing nuts. 

BALL  REACTION  SLUG- 
GISH OR  ERRATIC 

Defective  inclinometer. 

Replace  indicating 
assembly. 

OF  GIMBOL 
• 

improper  a^^jus vmenv 
of  nuts. 

Aojust  nuts  as 
required . 

NEEDLE  OFF  CENTER 

Improper  adjustment 
of  screw. 

Adjust  screw  as 
required. 

INDICATING  POINTER 
APPEARS  UNSTABLE 

Unbalanced  rotor. 
Loose  linkage  to 
pointer  assembly. 

Rebalance  or  re** 
place  rotor  assembly 
as  necessary . 

Replace  faulty  parts. 

Insufficient  damping. 

Disassemble  and  check 
damping  unit  for 
cleanliness ;  reas- 
semble and  check 
adjustment . 

E^ccessive  gyrorotor 
speed . 

Decrease  speed  to 
recommended  value . 

INDICATOR  POINTER 
SLUGGISH,  LOW 
SENSITIVITY 

"  Insufficient  gyro^- 
rotor  speed. 

Excessive  friction 
in  rotor  bearings. 

Increase  rotor  speed 
to  recommended  value. 

Inspect  and  replace 
bearings  as 
necessary. 

^Figure  6.    Troubleshooting .Data. 


IU1 

(2)    In  the  spaces  provided  below,  using  the  infor-* 
mation  obtained  during  bench  check  procedures  and  using  figure  6, 
list  all  troubles  observed  during  bench  check*  probable  causes  of 
each  trouble,  and  the  necessary  remedy  to  solve  each  trouble* 


Trouble 

Probable  Cause 

Remedy 

Take  your  workbook  to  the  instructor  and  have  him  check  your 
entries*    When  he  has  checked  them,  disconnect  all  the  equipment 
and  retuirti  it  to  its  proper  storage  place* 
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FOREWORD 


This  programmed  text  was  prepared  for  use  in  Courses  3ABR32531, 
Avionic  InstrumenC  Systems  Specialist  and  3ABR32632Bt  Integrated 
Avionic  Systems  Specialist.    The  material  contained  herein  has  been 
validated  using  21  students  from  the  subject  course.    At  least  90% 
of  the  students  achieved  the  objective  as  stated.    The  average  time 
to  complete  the  text  was  one  hour  and  45  minutes. 

OBJECTIVE 

Without  references^  identify  facts  pertaining  to  the  purpose^ 
operation  and/or  characteristics  of  direct  reading  compasses^  with 
a  minimum  accuracy  of  75%* 

INSTRUCTIONS 

This  programmed  text  presents  information  in  small  steps  called 
^^frames.^^    Each  frame  is  followed  by  some  form  of  questioning. 
Intmediately  after  reading  each  frame^  you  will  make  the  required 
response.    Check  your  answers  each  time  with  the  correct  answers 
shown*    The  correct  answers  will  be  given  below  the  following  frame* 
If  you  ujade  the  correct  response^  go  on  to  the  next  frame*    If  you 
made  an  incorrect  response^  read  the  frame  again  before  going  on  to 
the  next  frame.    Work  as  fast  as  you  can  but  DO  HOT  HURRY.    If  you 
DO  NOT  understand  any  part  of  this  text,  ask  your  instructor  for 
assistance* 


Supersedes  3ABR32531-PT-A01,  3ABR32632B-PT-401,  19  June  1974. 
OPR:    3360  TCHTG 
DISTRIBUTION:  X 
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The  magnetic  (standby)  compass  (shown  below)  is  a  directional 
indicating  instrument  Installed  on  all  aircraft.    It  Is  located  in  the 
cockpit  In  full  view  of  the  pilot.    On  most  aircraft  it  Is  only  used 
In  an  emergency »  such  as  electrical  power  failure  or  loss  of  other 
navigational  aids* 


No  Response  Required 


i 


Frame  2 


The  earth *s  magaecic  field  has  lines  of  force  that  are  parallel 
to  Che  earch^s  surface  except  near  the  magnecic  poles,    (See  figure 
below,)    Ac  Che  poles,  chey  are  perpendicular  to  the  earth's  surface. 
The  reason  for  this  is  thac  chey  are  encering  the  earth  ac  chis  poinc 
jusc  as  they  do  in  a  bar  magnet.    The  intensity  of  the  magnecic  field 
ac  the  poles  will  be  greacer  chan  at  any  ocher  poinc  on  che  earth^s 
surface. 


OEOOtAPHlC 
NOtTH  POLE 


Circle  che  number  preceding  each  crue  statement  below^ 

1,  The  magnetic  lines  of  force  are  perpendicular  to  the  earth 
at  the  equator* 

2,  The  earth^s  magnetic  field  is  parallel  to  the  earth*s 
surface  except  at  the  poles^ 

3,  The  strength  of  the  earth^s  magnetic  field  is  greater  at 
the  poles. 


Frame  3 


I£  a  bar  magnet  were  allowed  to  hang  freely*  it  would  tend  to 
align  itself  with  the  magnetic  lines  of  force  o£  the  earth.    The  end 
pointing  at  the  north  pole  Is  the  north  seeking  pole.    This  same 
principle  is  the  principle  of  operation  of  the  magnetic  conjpasa. 

The  magnetic  (standby)  compass  uses  two  bar  magnete  which  alig 
with  the  earth's  iDagnetic  lines  of  force.    These  lines  of  force  run 
parallel  to  the  earth  near  the  equator  and  dip  into  the  earth  at  the 
magnetic  poles.    Because  the  lines  of  force  are  perpendicular  at  the 
poles  the  compass  in  polar  regions  is  not  accurate  above  70  degrees 
north  or  south  latitude  due  to  the  magnetic  dip.    Refer  to  the 
illustration  below. 


Circle  the  ij^tnfber  preceding  each  true  statemenc  below* 

1.  Magnets  in  the  standby  compass  align  with  the  earth's 
magnetic  force. 

2.  The  standby  compass  is  *^st  accurate  above  70  degrees 
north  or  south  latitude. 

Answers  to  Frame  2:      2»  3. 
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Fram«  4 


The  direction  seeking  element  of  the  pilot *3  magnetic  (standby) 
compass  conaiats  o£  two  amall  bar  magnets  attached  to  a  float.  Also 
attached  to  the  float  ia  a  circular  locale,  or  card,  graduated  in 
increments  of  5  degrees  from  zero  (0)  to  360  degrees.    The  entire 
assembly  is  mounted  on  a  jewel  and  pivot  so  that  it  is  free  to  align 
itself  horizontally  with  the  earth's  magnetic  fiald. 

Study  the  drawing  below  to  determine  how  the  float  and  card  are 
mounted  in  the  compass. 


CARD  ASStMtr 


Circle  the  number  preceding  each  true  statement  below^ 

1,  The  direction  seeking  elements  in  the  comp^ass  are 
permanent  magnets* 

2,  The  scale  mounted  on  the  float  assembly  is  graduated 
in  10  degree  increments  only^ 

3,  Bearings  provide  the  mounting  for  the  float  assembly. 
Answers  to  Frame  3t  1« 
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Frame  S 


The  card  and  float  assembly  is  placed  in  a  nonmagnetic  bowl 
filled  with  compass  fluid*    The  compass  fluid  used  is  highly  refined 
kerosene*    This  highly  refined  kerosene  serves  to  dampen  the  oscill- 
ation of  the  float  assembly  and  reduca  friction  at  the  pivot*    A  filler 
cap  allows  for  filling  the  compass  bowl  with  fluid*^   It  is  found  on  the 
top  or  bottom  of  the  compass  body. 

Look  at  the  drawing  belov  to  datermlne  how  tha  compaas  is  filled 
with  compass  fluid. 


Circla  the  number  pracedlng  each  true  statement  belov, 

1*     The  compass  fluid  dampens  the  oscillation  of  tha  float 
asaembly  and  lubricates  che  jewel  pivot, 

2*      In  order  for  the  compasa  to  function  properly^  the  bowl 
must  be  magnetlzad* 

3*     Thft  filler  cap  is  located  on  the  top  or  bottom  of  the 
compass  body* 

A*     Tha  filler  cap  provides  a  means  of  filling  the  compaas 
body  with  fluids 

Answers  to  Frame  4:  1« 


CARO  ASSEMtty 


NON*MAGNETrC  lOWl 


Frama  6 


A  »etal  dlaphrap.  at  the  rear  of  cra^r  ms'dia- 

expanslon  of  the  compass    luld  due  "it  « 

phragm  is  vented  to  cockpit  pressure  „etal  bellovs 

?ear%£  the  Indicator.  .^'^l'[l'\^T/Z  Z'>r  as  the  ^aphrajm, 

which  is  also  venced  and  operates  in  cne 

Scudy  the  drawing  belo.  to  determlae  haw  the  diaphragm  allows 
for  expansion  of  the  compass  fluid. 


COMfENSATOt 


VENT 


CARD  ASSEMIlr 


^OlAPHIAOM 


V.,,  «iatlnff  a  circle  around  the  number 
Indicate  the  correct  answer  by  placing  a  circ 

preceding  the  answer  you  select. 

The  purpose  of  the  dlaphxag.  at  the  .ac.  ot  the  indicator  case  is  to 

1.  allow  for  changes  in  aircraft  altitude. 

2.  allow  for  changes  in  variation. 

A  ,-ot,  traction  of  the  fluid  due  to 

3.  aUow  for  eocpanslon  and  contraction  oi 

temperature  changes. 

)f  the  fluid  due  to  acceleration 


A.      prevent  excessive  movement  ol 
forces. 


Answers  to  Frame  5:       1.  3» 
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Frame  7 


A  lumlnoud  bar  called  a  lubber  line  is  attached  co  che  case*  and 
is  visible  through  the  cover  glass*    this  lubber  line  is  the  reference 
from  which  the  ccmpasd  card  Is  read* 

An  Individual  lighting  system  Is  generally  provided  in  compasses 
for  illuminating  the  indicator  card  when  required. 

Look  at  che  picture  below  to  determine  the  location  of  the  lubber 
line  and  the  light  bulb* 


Indicate  the  correct  answer  by  placing  a  circle  around  the  number 
preceding  the  answer  you  select* 

The  lubber  line  la 

1.      a  stationary  reference  line  used  to  read  the  compass  card* 
2*     a  moveable  reference  line  used  to  read  the  compass  card, 
3*     an  imaginary  line  used  to  read  the  uompass  card. 

Answers  to  Frame  6:  3. 


LAMP  BULB 
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Frama  8 


The  standby  compass  is  provided  with  a  deviation  compeasator» 
Refer  to  the  illustration  below*    The  deviation  compensator  consists 
of  four  small  permanent  magnets*    These  magnets  are  turned  by  two 
screws  labeled  N-S  and  E-W*    The  function  of  this  compensator  is  to 
adjust  tot  errors  in  the  compass  readings. 


Circle  the  number  preceding  the  true  statements  below* 

1.     Changes  in  temperature  are  compensated  by  the  compasses 
deviation  compensator* 

2*     The  compensator  magnets  are  turned  by  the  N-S  and  E-W  screws* 

3«     The  deviation  compensator  adjusts  for  errors  in  the  compass 
readings  * 

Answers  to  Frame  7:  1» 


COMPENSATOt 
MAGNETS 


JHWHI  ANO 
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Frame  9 

Errors  In  the  compass  reading  are  caused  by  magnetic  fields 
produced  by  electrical  wiring  and  the  metal  structure  of  the  aircraft. 
The  difference  between  th^  victual  magnetic  heading  of  the  aircraft  and 
the  Indication  read  on  the  compass  card  Is  called  DEVIATION. 


Circle  the  number  preceding  the  true  statements  below* 

1.  Deviation  Is  the  difference  between  the  actual  heading  and 
the  compass  reading. 

2.  The  eartb^s  magnetic  field  causes  compass  deviation. 

3.  Errors  In  the  compass  reading  are  caused  by  aircraft 
electrical  wiring  and  metal  structure. 


Answers  to  Frame  8:       2«  3. 


Ml 

Frame  10 

Frame  10  is  a  subterminal  frame.    It  you  miss  any  ot  the  questions 
in  this  framet  review  the  appropriate  frame  before  continuing  with  the 
package . 

A.      Circle  the  number  preceding  the  true  statements  below. 

1.  5ar  magnets  in  a  magnetic  compass  align  with  the  earth*s 
longitudinal  lines. 

2.  The  magnetic  compass  is  most  accurate  at  the  poles. 

3.  A  free  swinging  compass  will  align  with  the  earth^s  magnetic 
field. 

4.  The  magnetic  compass  is  not  accurate  at  the  poles  because^ 

in  this  area»  the  earth's  magnetic  field  dips  into  tne  earth. 

3.     The  magnetic  compass  is  most  accurate  below  70  degrees  latitude. 

6*     The  direction  seeking  element  in  the  magnetic  compass  Is  an 
electromagnet. 

7.  The  scale  mounted  on  the  float  assembly  is  graduated  in  five 
degree  increments  from  zero  (0)  to  360  degrees. 

8.  The  float  assemj^ly  Is  mounted  on  a  jewel  and  pivot. 

9<     Float  oscillation  Is  dampened  by  water  inside  the  compass 
case. 

10.  Highly  refined  kerosene  provides  lubrication  for  the  jewel 
and  pivot. 

11.  A  jewel  and  pivot  provide  a  mounting  for  tha  float  assembly. 

12.  The  diaphragm  at  the  rear  of  the  compass  compensates  for 
changes  In  aircraft  altltade. 

13.  Heading  indications  are  read  at  the  stationary  reference 
called  a  lubber  line. 

lA.     A  deviation  compensator  is  provided  on  the  compass  to  comp- 
ensate for  temperature  changes. 

15.      The  N-S  and  E-W  screws  are  used  to  compensate  for  the  effects 
of  aircraft  structure  and  electrical  wiring. 


Answers  to  Frame  9:       1*  3. 
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Frame  10  (Continued) 


Hatch  the  functions  In  the  list  to  the  components  by  placing  the 
correct  number  In  the  circle  on  the  Illustration. 


1.  Allows  the  float  to  turn  freely* 

Z*  Corrects  for  deviation. 

3.  Allows  for  expansion  of  fluid. 

4.  Graduated  in  5  degree  Increments* 

5.  The  reference  line  used  to  read  the  compass  card. 

6.  Nonmagnetic  material  to  hold  fluid. 

7.  Place  to  put  fluid  In* 

8.  Adjustment  for  compensating  magnets. 

9.  Illuminates  the  compass. 

10.  Two  north  seeking  magnets  are  attached  to  It. 


11 

■ins 


Answers  Co  Frame  IQt 

^art  A:     3,  4,  5»  7,  8,  10,  11,  13»  15. 


Part  B: 
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Frame  11 

In  the  previous  frames  (1*-10)  you  learned  the  construction  and 
operation  of  the  pilot *s  standby  compass.    You  also  learned  that 
deviation  was  caused  by  metal  parts  of  the  aircraft  and  electrical 
wiring,  and  that  a  compensator  is  provided  on  the  compass  fur  adjusting 
for  these  errors*    In  order  to  perform  a  compass  calibration  (adjust-* 
ment  of  deviation  errors)  a  compass  swing  is  aecessary^    Compass  swings 
can  be  accomplished  on  the  ground  or  in  the  air*    You  will  be  concerned 
with  only  the  Sight  Compass  Ground  Swing  method* 

A  compass  correction  card  is  used  during  a  compass  swing  for 
recording  aircraft  compass  readings »  deviation  errors^  and  aircraft 
magnetic  headings.    Using  this  csrd,  deviation  errors  an<i  corrections 
can  be  determined.    As  you  learn  the  compass  swing  procedures »  you  will 
also  become  familiar  with  the  Comoass  Correction  Card«    A  compass 
correction  card  is  shown  below^ 
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FraiQ6  12 


Prior  to  performing  a  compass  swings  a  visual  and  an  operational 
check  will  be  accomplished  to  determine  the  serviceability  of  the 
compass  *    A  visual  Inspection  consists  of  Inspecting  the  compass  for 
a  cracked  cover  glass  or  case*    Also  check  for  air  bubbles  In  the 
fluid  inside  the  cas2»  this  would  be  evidence  of  leakage*    The  fluid 
must  be  clear*    If  ic  Is  milky  there  is  water  in  the  fluid*    Check  for 
deterioration  of  the  numbers  on  the  compass  card*    Check  the  mounting 
screws*    They  should  be  eight  and  made  of  nonmagnetic  material* 

Circle  Che  number  of  the  true  statements  below% 

1*      The  cover  glass  and  case  are  checked  for  cracks  during 
a  visual  inspection* 

2*     Steel  screws  may  be  used  to  mount  the  compass* 

3*     Water  in  the  compass  fluid  will  cause  it  to  be  cloudy 
or  milky* 

4*     Deterioration  of  the  card  numbers  should  be  che^zked 
during  the  visual  inspection^ 
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Aq  operational  check  consists  of  two  items: 

1.  Check  the  operation  of  the  light  to  instire  that  it 
illuminaces  the  compass  card. 

2.  Us*  a  piece  of  metal  or  a  magnet  to  deflect  the 
compass  card  in  both  directions* 

As  the  float  turns »  watch  for  smooth  movement  of  the  float  and 
check  that  the  card  returns  to  ttsa  original  heading*    If  the  float 
hangs  up  or  does  not  return  to  its  original  heading »  the  compass 
must  be  replaced* 

Circle  the  number  preceding  each  true  statemaat  below^ 

1.     An  operational  check  consists  of  checking  only  the 
illumination  of  the  compass  card* 

2*     During  an  operational  cheeky  security  of  mounting  should 
be  checked* 

3.     The  compass  must  be  replaced  if  the  card  does  not  return 
to  its  original  heading* 


Answers  to  Frama  12:       1»  3»  4> 


'Frame  14 

Frame  11  stated  that  this  text  will  cover  the  '^sight  compass" 
method  of  performing  a  compass  swing*    A  sight  compass  is  a  standby 
compass  with  the  deviation  compensator  removed*  and  a  collimator  lens 
Installed  on  the  top  of  the  compass »    The  collimator  is  a  sighting 
device  which  enables  a  person  to  accurately  sight  down  the  centerline 
of  the  aircraft »    This  is  done»  during  the  compass  swings  to  determine 
the  actual  magnetic  heading  of  the  aircraft* 


Circle  the  number  preceding  each  true  statement  below> 

1*     This  text  will  cover  the  "in-flight"  method  of  perforuixng 
a  compass  swing » 

2»     A  standby  compass  with  the  deviation  compensator  removed 
and  a  collimator  installed  on  it  is  called  a  sight  compass* 

3»     A  sight  compass  is  used  to  determine  the  indication  of  the 
standby  compass  in  the  aircraft* 

4*     The  collimator  is  installed  on  the  sight  compass  to  enable 
taking  accurate  readings  of  the  actual  aircraft  magnetic 
heading  * 


Answers  to  Trame  13*  3, 
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Frame  X5 


Refer  to  che  illuscratlon  beloy.    A  sighting  is  being  made  to 
determine  the  actual  magnetic  heading  of  che  aircraft*    Standing  in 
front  of  the  aircraft*  the  sight  compass  is  aligned  on  che  centerline 
of  the  aircraft,    ifotice  that  che  sight  compass  la  indicating  south 
(X80  degrees).    Therefore*  180  degrees  must  ba  added  or  subtracted 
frooa  the  sight  compass  Indication  to  obtain  the  actual  aircraft 
heading  of  north  (000  degrees). 

Some  sight  compasses  have  had  the  compass  card  turned  around 
on  the  float*  so  that  when  you  stand  In  fromt  of  the  aircr^ift  you 
will  read  the  same  heading  as  thd  aircraft^s  compass*    If  irhe  sight 
compass  has  had  its  compass  card  reversed*  it  will  be  painted  red* 


Circle  the  number  of  the  true  statements  b«low. 

* 

1,  A  compass  that  has  had  the  deviation  compensator  removed 
and  a  collimator  lens  installed  is  called  a  sight  compass* 

2.  If  the  floating  compass  card's  position  has  been  reversed 
the  compass  will  be  painted  black* 

3*     A  sight  compass  that  Is  painted  red  does  not  have  to  h^e 
180  degrees  added  or  subtracted  to  or  from  its  Indication. 


Answers  to  Frames  14:      2^  4. 
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Frame  16 


Compass  swings  are  performed  in  areas  selected  and  prepared  for 
this  task.    Swing  sites  mst  be  large  enough  to  taxi  or  tow  the 
largest  aircraft,  to  be  swung,  throughout  360  degrees*    The  site 
must  be  at  least  600  feet  from  power  lines  that  are  above  or  below 
ground^  and  metal  structures  and  buildings* 

Circle  the  number  preceding  the  true  statements  below* 

1.  The  siding  site  must  ba  large  enough  to  allow  the  aircraft, 
being  towed  or  taxied,  to  be  turned  to  all  cardinal 
headings  <N,  W). 

2.  Wiring  below  the  ground  will  have  no  affect  on  the  compass 
striLng. 

3.  The  swing  site  must  be  at  least  1000  feet  from  any  magnetic 
disturbances* 

4*     Buildings  In  or  near  the  swing  site  may  affect  the  results 
of  a  compass  swing* 


Answers  to  Frame  IS:     1>  3. 


1/22 


IS 


Frane  17 


Because  of  nhe  differences  la  the  alrcraft^s  usagnetic  field  wlnh 
the  canopy  up  or  down  and  with  the  engines  running  or  aot  running,  most 
aircraft  are  swung  with  the  canopy  down  and  the  engine  running*  Because 
of  this,  safety  Is  important  when  swinging  a  contpafis.    On  reciprocating 
engine  aircraft,  the  propellers  are  dangerous  *    On  Jet  aircraft,  the 
engine  Intake  suction  is  dangerous.    The  minimuia  safe  distance  In  front 
of  any  aircraft  is  twenty*f Ive  (25)  feet*    The  minimum  safe  distance 
behind  any  aircraft  is  two  hundred  (200)  feet. 

Study  the  drawing  below  to  determine  the  danger  ereaa  around  a 
Jet  aircraft. 


1600*f  AT  MAX  TMHUST 


circle  the  number  preceding  the  true  statements  below; 

1*     Compass  swings  are  normally  performed  with  the  canopy  up  and 
no  engines  running, 

2*     The  minimum  safe  distance  in  front  of  an  aircraft  is  SO  feet, 

3,     The  miniwj'Tn  safe  distance  behind  an  operating  Jet  aircraft  is 
200  feet. 

Answers  to  Frame  16:  l> 
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Framd  18 


Preswing :    Before  beglitnlng  Che  compass  swing,  all  moveabl  <  Items 
chat  would  affect  the  aircraft^  magnetic  field  should  be  In  the 
positions  that  they  will  occupy  duriag  flight.    Personnel  engaged  in 
compensetlng  the  compass  must  remove  all  mecal  items  from  their  person. 

Using  a  nonmagnetic  screwdriver,  null  the  aircraft  compass 
deviation  compensator.    This  is  done  by  aligning  the  dots  on  che 
adjusonant  screws  with  the  dots  on  the  compensator  front  plate. 
Below  is  an  example  of  a  deviation  compensator  with  the  does  in 
alignment . 


DEVIATION 

COMPENSATOR 

— ■  ♦ 

ALIGNMENT 
— ■  DOTS 

H-S 

L-W 

/ 

Circle  che  number  preceding  the  true  statements  below: 

1.  A  proper  swing  is  accomplished  with  all  items  in  their 
Infllghc  conditions  and  positions. 

2.  Watches  and  rings  need  not  be  removed  when  compensating 
the  standby  compass* 

3.  Any  materials  which  could  affect  the  compass  Indications 
must  be  removed  from  the  persons  conducting  the  swings 

4.  Compensator  nulling  is  accomplished  by  turning  the  adjust* 
ment  screw  dots  away  from  the  dots  on  the  compensator  front 
plate. 


Answers  to  Frame  17:  3* 
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Frame  19 

Compasa  Swing!    The  actual  compass  swing  consists  of  four  parts 
or  stepa.    During  each  of  the  steps,  tha  four  sections  of  tha  compass 
correction  card  will  be  completed.    The  first  step  In  performing  a 
compasa  swing  la  to  determine  how  moch  error  exists  In  tha  compass 
indications  at  the  four  cardinal  headings  (N,  S,  E,  W) .    The  COMPENSAT- 
ING SWING  section  of  the  compass  correction  card  is  used  to  racord 
the  aircraft's  actual  heading  and  the  standby  compass  indication.  The 
difference  between  the  actual  heading  and  the  compass  indication  la 
the  deviation  and  is  entered  in  tha  DEV'N  column  as  a  plus  (+)  or 
minus  (-)  value.    Refer  to  the  Illustration  below.    The  compensating 
swing  section  is  outlined  in  heavy  black. 
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Circle  tha  number  preceding  the  true  statements  balow+ 

1*     The  purpose  of  the  ':otiipen3atlng  swing  Is  to  determine  the 
amount  of  error  that  Is  in  the  sight  compue. 

2*     Values  determined  during  the  swing  are  recorded  on  the 
correction  card. 

3.  Deviation  errors  are  determined  during  the  compensation 
swing* 

4.  Daviation  errors  will  be  recorded  on  the  compass  correction 
card  as  fractions  * 

Answers  to  Frame  18:       1,  3, 
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Frame  20 

When  performing  the  compensatioa  swing,  have  the  aircraft  turned, 
using  Che  standby  compass  reading,  to  within  3  degrees  of  the  desired 
heading.    Allow  sufficient , time  for  Che  float  to  settle  before 
recording  the  compass  indication  on  the  compass  correction  card* 
This  indication  is  recorded  in  the  AIRCRAFT  COMP  column  (opposite  N, 
the  first?  heading  of  the  aircraft)*    Then  using  the  sight  compass, 
determine  the  actual  aircraft  heading*    This  is  done  by  standing  « 
least  50  feet  in  front  of  the  aircraft  and  sighting  down  the  longi- 
tudinal axis.    Read  the  magnetic  heading  from  the  sight  compass* 
This  reading  wijl  be  the  actual  aircraft  heading,  and  is  recorded  in 
the  ACTUAL  HEADING  (M)  column  of  the  compass  correction  card*  Refer 
to  the  illustration  below,  read  each  compass  and  note  where  their 
readings  are  recorded  on  the  compass  correction  card* 
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Complete  the  following  statements  by  underlining  the  correct  response* 

1*     The  (sight  compass^  aircraft  standby  compass)  is  used  as 
the  reference  for  aligning  the  aircraft  to  the  desired 
heading  * 

2*     When  performing  the  compensation  swing*  the  aircraft  will 
be  headed  to  within  (2>  3»  4»  5)  degrees  of  the  desired 
heading  * 

3*     In  the  illustration  above,  the  actual  aircraft  magnetic 
heading  is  (356  degrees »  357  degrees*  359  degrees)* 

4*     In  the  illustration  above*  the  standby  compass  judication 
is  (356  degrees*  000  degrees*  002  degrees)* 

5.      Sightings  should  be  taken  at  least  (25*  50)  feet  from  the 
aircraft* 


Answers  to  Frame  19 t 
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Frame  21 

To  determine  the  plus  (+)  or  minus  C")  value  to  be  enterec'  in 
the  DEV*N  column  of  the  compass  correction  card,  compare  the  actual 
heading  and  the  aircraft  compass  readings  that  are  entered  on  the 
form*    l£  the  actual  heading  Is  less  than  the  aircraft  compass 
Indication  the  deviation  (DEV*N)  will  be  minus  (-) t    Refer  to  the 
illustration  below^ 
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With  the  Information  given  below  each  illustration,  fill  In  the 
ACTUAL  HEAD  CM),  ATRCRAFT  COMP,  and  DEV'N  columns* 
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Answers  to  Frame  20 t 

1,    aircraft  standby  compass;    2,  3; 

4 .    002  degrees ;     5  .    50  feet . 
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AIRCRAFT  COMP  357 


3.    336  degrees; 


Frame  22 


to  complete  the  remaining,  portion  of  the  compensation  swing*  have 
the  aircraft  headed  to  east*  and  repeat  the  procedures  outlined  in 
Frames  20  and  21.    The  appropriate  values  for  the  east  heading  will  be 
entered  in  the  columns  opposite  the  £  090*    Determine  the  DEV'N  values 
to  be  entered  in  the  DEV'^  column*    When  the  entries  are  completa*  have 
the  aircraft  moved  to  the  south  heading*    Kepeat  the  procedures  and 
make  the  entries  for  this  heading  as  you  did  for  the  north  and  east 
headings*    Finish  the  compensation  swing  by  having  the  aircraft  headed 
west  and  repeat  the  above  procedures*    Recall  that  as  the  aircraft  is 
moved  to  each  beading*  it  must  be  positioned  within  3  degress  of  the 
heading  as  shown  on  the  aircraft^s  standby  compass*    Also*  allow 
sufficient  time  for  the  compass  card  to  stabilize  at  each  heading  before 
the  indications  are  entered  in  the  AIKCBAFT  COHP  column  of  the  compass 
correction  card* 

Determine  the  deviation  for  each  cardinal  heading  and  compass 
indication  given  in  the  illustration  below*    Enter  the  DEV*N  in  the 
proper  column  on  the  correction  card* 
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Frame  23 


The  next  atep  In  the  swing  procadures  Is  to  detenniae  how  much 
calibration  (adjusting  the  aircraft  compass)  must  be  performed*  The 
amount  of  calibration  is  determined  by  using  the  formulas  on  the 
compass  correction  card*    Raf er  to  the  illustration  below*  The 
formulas  are  outlined  In  heavy  black*    The  formula  labeled  coefficient 
A  QH-E^^SW)       ^^^j      determine  how  much  adjustment  is  necessary  for 

correcting  installation  error.  Installation  error  la  caused  by  the 
improper  inatallation  of  the  aircraft  compass  in  its  mounting*  The 
compass  must  be  mounted  exactly  on  the  aircraft  longitudinal  axis. 
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Using  the  DEV'tl  values  in  th«  illustration  above,  we  will  compute 
Coef  A  to  determine  how  onich  correction  is  needed  for  installation  error. 
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Frame  23  Continued 

By  algebraically  adding  che  deviation  and  dividing  by  four,  it  was 
determined  that  the  amount  of  correction  is  +3. 


Using  the  figures  given'in  the  formula  below,  compute  the 
installation  error  (Coeff .  A)  for  each  problem. 


1.  +  (+9)  +         +  (-10)-  . 

4 

2.  +<-U)  ^  f+3)  +  (+10)  . 

4 


3.      (+2)  +  (-4)  +  (-3)  +  i-^). 
4 


Answers  to  Frame  22: 

N  000  -l}       E  090  ±:>       S  130   +4;       H  270  ^• 


X730 


26 


Fraioe  24 

Coefficients  B  and  C  are  the  formulas  for  decemlnlng  the  mount  of 
correction  that  must  be  made  on  the        and  £-W  adjusting  screws  located 
on  the  compensator*    Adjusting  these  screws  compensates  for  errors  la 
the  compass  caused  by  aircraft  metal  structures  *  aotorst  generators  *  ^^c* 
This  Is  deviation  error.    When  computing  the  formulas  for  deviation 
errors^  change  the  sign  of  the  subtrahend  and  add* 

Examples:    Coef  *  C    H-S  ^  (-4)    -  (+7)  ^  (>4)  +  (-7)      -11  ^    q  i;?  ^  ^ 


Subtrahend 


Coef*  B    £  -  W     (-6)  -  (+14)      (-6)  ^  (>14)  -20 

2  2  '  2  *  ^  -  -lu 


Using  the  figures  given  in  the  problems  belw*  compute  the 
cQrrections  for  each  problem* 


1. 

(-9) 

(-5)  . 

5. 

E-W 

2 

2 

2 

2. 

N-S 

(+2) 

(+3)  . 

* 

6. 

E-W 

2 

2 

2 

3. 

(+2) 

(-3)  . 

7.  . 

B-W 

2 

2 

4. 

¥■ 

(-8) 

<-8)  „ 

8. 

2 

2 

Ansvers  to  Frame  23: 


1.'    (-24)^(-.9)  ,:^,.3  3 
4  4 


2.      (H5)  4-  (-11)  .+4  ,^  ,^ 
4  4 


3.      (+8)+_{-7)     +1         1^/  rt 

-!  B  J-j.  at  0   1/4  m  0 


Frama  2$ 


After  Coefficients  A»       and  C  have  been  computed  and  the  amount 
of  aircraft  compass  error  has  been  determined,  the  actual  calibration 
o£  the  compass  must  be  performed.    Coefficient  A  (Installation  error) 
will  first  be  compensated  for.    To  adjust  for  installation  error*  hava 
the  aircraft  headed  north  by  the  aircraft  compass  Indication.  Using 
nonmagnetic  shims  (washers)  remount  the  compass  so  that  the  proper 
amount  of  correction  has  been  added  or  subtracted  to  the  compass 
indication.    Example  +3  installation  error^  with  the  aircraft  headed 
north  fOOO)  remount  the  compass  so  that  It  Indicates  003  degrees.  By 
doing  this  you  will  have  remounted  the  compass  on  the  aircraft 
longitudinal  axis. 

Circle  the  number  preceding  each  true  statement  balov, 

1.  Magnetic  shims  are  used  to  Install  the  aircraft^s  standby 
compass . 

2.  Calibration  of  the  compass  Is  performed  after  coefficients 
are  determined* 

3.  Coefficient  A  Is  the  formula  used  to  determine  deviation 
error* 

4.  Coefficient  A  is  con^ensated  for  by  realigning  the  compass 
in  its  mount* 

5.  the  compass  must  be  mounted  on  the  earth^s  longitudinal  axis. 


Answers  to  Frame  24; 

1.      (-9)  ^  (f5)  ^±^.2  5.  +91/2. 


2.  m+_b3l  ,      .  .0  1/2  «  -1  ^.-10  1/2-  -U 

3 .  (+2)  +  (+3)  -  ±5  .  ^  1/2  .  +3        7 .     -10  ,  ^ 

4.  (-3)^(^8).  8,  0., 


1  Z"^' 
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Frame  26 


With  Installation  errot  adjusted,  coefficients  B  and  C  (deviation 
error)  will  be  compensated  for  by  adjusting  the  ^^^S  and  E^W  adjustment 
screws  on  the  compensator »    The  compensator  consists  of  two  adjustable 
sets  of  magnets  mounted  on  small  rotacable  gears*    Refer  to  the  figure 
below*    One  set  ot  magnets  is  for  north^south,  and  one  set  Is  for  east^ 
west*    Turning  the  screw  moves  the  magnets  to  counterbalance  the  magnetic 
influence  acting  on  the  card  magnets*    The  illustration  shows  how  the 
magnets  are  rotated  when  the  adjustment  screw  Is  turned* 


Look  at  the  drawing  of  the  compass  card  (abova  right)  with  the 
magnetic  needles  (bar  magnets)  shown  on  the  top  of  the  card*  Kemember, 
the  compass  card  continuously  points  to  north  while  the  case  rotates 
around  it*    The  compensator  magnets  are  located  close  to  tha  bar  magnets 
and  to  the  rear  of  the  compass  body*    At  north  the  compensator  magnets 
affect  the  north  seeking  end  of  the  bar  magnets*  It  you  rotate  the 
compass  bodyj^  the  compensator  magnets  are  now  positioned  close  to  the 
south  end  of  the  bar  magnets*    This  means  that  an  adjustment  of  the 
compensator  magnets  will  a£fect  the  north  indication  and  have  an  equal, 
but  opposite,  effect  on  the  south  Indication*    For  this  reason,  you  mtiat 
use  the  algebraic  formulas  given  to  determine  the  corrections. 

Study  the  drawings  and  visualise  the  position  ot  the  compensator 
magnets  in  relation  to  the  magnetic  needles  (bar  magnets)  on  the 
compass  card. 

No  Response  Required* 

Answers  to  Frame  25:     2,  4* 


NttOitS 


D 


Compensator* 
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Frame  27 


Installaclon  error  was  corrected  with  the  aircraft  headed  norths 
Coefficient  C  (N-S)  deviation  will  be  compensated  for  with  the  aircraft 
on  the  same  heading.    Using  a  nonmagnetic  screwdriver^  adjust  the  N-S 
screw  so  that  the  correct  amount  of  N-^S  deviation  error  Is  added  or 
subtracted  from  the  compass  Indication*    Examplei    Coefficient  C  (the 
K-S  deviation  error)  was  computed  to  be  -6.    the  aircraft  is  headed 
003  by  the  aircraft  standby  compass >  tujn  the  N-S  screw  to  subtract 
6  degrees  from  the  compass  Indication.    The  ^-S  adjustment  screw  will 
be  turned  Until  the  standby  uompass  Indication  la  357. 

Circle  the  number. preceding  the  true  statements  below* 

1.  The  aircraft  must  be  headed  north  to  compensate  for 
Coefficient  A  values. 

2.  Coefficient  C  la  corrected  by  using  both  the  H-S  and  E-W 
adjustment  acrews. 

3.  Coefficient  C  la  adjusted  oi^  the  IT*S  adjustment  screw  with 
the  aircraft  headed  north. 

4.  Nonmagnetic  screwdrivers  are  necessary  for  correcting 
deviation  errors.  —  - 

5.  If  the  tI*S  deviation  Is  4*3  and  the  aircraft  compass  is 
indicating  000  degrees^  the  H-S  screw  would  be  turned 
so  that  the  compass  would  indicate  357  degrees* 


1734 


30 


Frame  28 

Coeffici&nt  B  <E*W)  deviation  is  adjusted  with  the  aircraft  headed 
east  <090  degrees) «    This  adjustment  is  tha  same  as  the  adjustment  for 
Coefficient  C  (H-S  deviation).    Example:    Coefficient  B  <E-W  deviation 
error)  was  computed  to  +5*    With  the  aircraft  headed  east  <090  degree3) 
by  the  aircraft  standby  compass>  turn  the  E-W  screw  to  add  _5  degrees 
to  the  compass  indication*    Adjust  the  E"W  screw  until  the  standby 
compass  indication  is  093  degrees. 

Circle  the  number  preceding  the  true  statement  below. 

1.  Coefficient  B  is  adjusted  with  the  aircraf  headed  north. 

2.  Coefficient  B  is  adjusted  on  the  E-W  adjustment  screw»  with 
the  aircrait  headed  east. 

3.  If  the  E-W  deviation  is  ^4  and  the  aircraft  compass  is 
indicating  090  degrees,  xhe  E-W  screw  would  be  turned 
so  that  the  compass  would  indicate  086  degrees. 

Answers  to  Frame  27;     1*  3>  4. 
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IU3 

Frame  29 

A  resldtial  swing  Is  accomplished  after  corrections  have  been  made 
on  the  compass*    This  portion  of  the  swing  Is  to  determine  how  much 
error  still  remains  In  the  compass  readings  after  the  corrections 
were  made*    The  residual  swing  Is  similar  to  the  compensating  swing* 
The  aircraft  is  headed  to  the  four  cardinal  headings  and  the  acctial 
magnetic  heading  Is  read  with  the  sight  compass*    The  actual  heading 
and  the  compass  Indication  are  entered  in  the  appropriate  columns  o£ 
the  residual  swing  section  o£  the  compass  correction  card*    (Refer  to 
the  Illustration  below*)    After  the  residual  swing  has  been  completed* 
these  values  will  be  used  to  complete  the  TO  FLY— >ST£ER  section  of  the 
compass  correction  card* 


ACtU AC 

4CtU  AW 

000 

001 

oto 

089 

s 

180 

17B 

/// 

770 

272 

Circle  the  number  preceding  each  true  statanent  below* 

* 

1*     A  compensation  swing  is  performed  to  determine  the  existing 
tfrors  after  compensation  has  been  done* 

2*     Residual  swings  are  accomplished  prior  to  correcting  for 
Coefficients  A«  B«  and  C* 

3*     Information  obtained  during  the  residual  swing  Is  used  to 
complete  the  TO  FLY—STEEIt  card. 

Answers  to  Frame  28 1       2,  3t 


i73G 
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Frame  30 

The  TO  FLY-STEER  card  is  the  section  of  the  compass  correction 

i^^^^  M.'""'!?        P'^"^"'       ^  h''^'^^^  located  in  the  cockpit. 
The  information  on  this  card  enables  the  pilot  to  steer  his  aircraft 
on  a  magnetic  heading  using  a  compass  indication  that  is  not  completely 
accurate.    The  information  recorded  during  the  residual  swing  is  used 
^fr«r  ^  ^"""^  ^""^^  ^^^^^^^  in  the  compass  indication 

TO  ?TV    c-rSS^^'?*^  calibrated.    Below  is  an  illustration  af  a 

SlIillfSTS*''?*/^^*'*'  indicates  to  the  pUot  that  1-degree  error 
fm-^  !  /?  f  *  ^-"^^Sree  error  at  EAST,  3-degrees  error  exists  at 
boUTti,  and  2-degrees  at  WEST, 


TO 

TO 

STCCfl 

180 

183 

— 

1?5 

210 

225 

240 

75 

255 

^0 

091 

270 

266 

105 

215 

130 

300 

135 

315 

IS 

330 

U5 

345 

Circle  the  number  preceding  each  trua  statement  below, 

1.  After  completing  the  TO  ay— STEER  card,  it  must  be  placed 
in  the  aircraft  cockpit. 

2.  The  TO  FLY--SXEER  card  enables  the  pUot  to  fly  accurate 
headings  using  the  indications  from  an  inaccurate  sourca. 


Answers  to  Frame  29!*  3, 
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Frame  31 


Use  the  Illustration  below  to  determine  how  the  information  in 
the  residual  swing  columns  Is  used  to  complete  the  STEER  column  of 
the  TO  FLV — STEER  card*    Using  north  a.?  an  example,  note  that  when 
the  aircraft  Is  headed  001  degrees  the  compass  Indicates  000  degrees. 
The  Indication  is  one  degree  less  than  the  actual  heading*  Therefore, 
to  fly  a  heading  of  000  degrees,  the  pilot  must  steer  by  the  compass 
one  degree  less  than  the  actiial  heading,  or  an  indicated  heading  of  359 
degrees  to  fly  000  degrees.    Study  the  figures  below  to  determine  how 
Che  TO  FLY--STEER  values  for  east,  south,  and  west  are  determined* 


 r 

G 

t 

AC  AV 

COM** 

jSTEtR 

TO 

160 

001 

.s  ! 

t»s 

310 

43  1 

m 

089 

60  i 

340 

7S  ! 

255 

/fa 

90  i091 

370 

260 

17fl- 

103  1 

3t9 

1»  I 

300 

27? 

US  1 

315 

ISO  1 

330 

l«3  1 

345 

With  the  residual  swing  information  given  below,  fill  in  the  appropriate 
spaces  in  the  TO  FLY—STEER  card. 


TO 

TO 

iTtm 

H 

180 

1)  1 

195 

30  ; 

210 

45  ! 

iO 

240 

75 

2S5 

90 

270 

103 

25S 

t» 

300 

1  ^70 

113 

215 

190 

230 

163 

343 

t 


Answers  to  Frame  30:       1*  %% 
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Frame  32 

Refer  to  the  illustration  in  Frame  31  and  notice  that  the  aircraft 
compass  indications  are  all  exactly  on  the  cardinal  headings  (000,  090» 
180»  and  270)*    In  actual  practice*  these  indications  are  seldom 
possible  to  achieve*    When  the  aircraft  is  headed  to  the  cardinal 
headings,  it  is  necessary  to  wait  for  the  compass  card  to  settle  to  its 
stable  (card  not  moving)  indications  %    After  the  compass  card  stops 
moving,  the  indication  should  be  within  3  degrees  of  the  cardinal 
heading.    If  it  is  not^  the  aircraft  must  be  moved  so  chat  the 
indication  is  within  3  degrees  of  the  cardinal  heading*    After  the 
compass  indication  has  settled^  the  actual  aircraft  heading  and  the 
compass  indication  is  recorded  in  the  appropriate  residual  swing  columns^ 

In  the  figure  below,  compute  the  coefficients  A,  B»  and  C  from  the 
compensating  swing  readings*    Then  fill  in  the  pilot *s  correction  card 
StEER  column  with  the  residual  swing  readings. 


COM^CNIATINO 
1«IH0 

•€TU •L 

H  OQO 

004 

000 

+4 

003 

001 

%  on 

088 

09C 

-2 

non 

090 

%  180 

184 

180 

+4 

182 

180 

«  270 

266 

270 

-4 

269 

270 

(n 

(3) 

(i| 

(«) 

•  V 

TO 

iTctn 

1B0 

15  ! 

195 

it  ! 

210 

45 

729 

10 

240 

75 

255 

90 

—270 

105 

205 

120 

»0 

139 

315 

190 

330 

145  I 
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IF  SWINGING  COMPASS  USED  AHE,M>  OF  AISCRAFT,  ADD  OR  SUBTRACT  180  DEGREES 


Coe££  B 


Coeff  A 


tH-E+S-W  „(     )-K     )  +  (     )  +  (  ) 
4  4 


Answers  to  Frame  31: 


N  358 
E  88 


S  177. 
W  272 
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Frama  33 

Aftar  completion  of  the  compasa  swing  and  the  TO  FLY— STEER  card, 
It  is  necessary  to  fill  in  the  required  data  on  the  compass  correction 
card.  On  the  front  side  of  the  TO  FLY — STEER  card  spaces  are  provided 
for  the  following  information;  Type  of  compass,  date  that  the  compass 
swing  was  done,  and  the  initials  of  the  person  who  completed  the  entries 
on  the  card.  Bilow  Is  an  example  of  the  entries  on  the  TO  ILY— STEER 
card* 


COMPAIS 

S  TAA/OBY 

SWUNG) 

•r. 

TO  «r 

STEER 

TO  *ir 

STtH 

N 

180 

t5 

193 

30 

3tO 

Tha  compass  correction  card  containing  the  entries  made  during 
the  compensation  swing,  computing  the  formulas,  and  residual  swing 
must  he  filed  in  the  shop  until  the  next  compess  swing  on  that  aircraft 
is  accomplished.    On  the  reverse  side  of  this  card  spaces  for  the 
following  entries  are  provided; 

Aircraft:    Aircraft  serial  number. 
Compass:    Type  compass  in  the  aircraft* 
D4te:    Date  the  swing  was  accomplished* 
Compensated  and  Swung  hy:    Hame  of  parson  performing  the 

compass  swing. 

Below  is  an  example  '}f  the  reverse  side  of  the  pilotU  correction  card* 


PttOT'S  00b'i?ASS  0GCEteCHC;4  CA60 


OaTC 
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1740 


The  answers  to  Frame  32  aret 

1.  Coeff .  A  is  +1 

2,  Coeff,  B  is  +1 

3.  Coeff.  C  is  0 

4,  Compute  the  STEER  headlagst 
N  358 

90  90 
180  178 
270  271 

After  completion  of  this  programmed  text,  go  to  the  appraisal 
room  and  take  the  appraisal  on  the  material  covered  in  this  text. 
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In6trument/?lighi:  Control  Branch 
Chanute  AFB,  Illinois 


3ABR32531-WB-A02  (401) 
3AB;^32632B-WB-50i 
7  March  1979 


INSPECT,  5WI:;g  AiND  compute  PILOT'S 

CAHD,  MAGNETIC  CSTA^^)BY)  COMPASS 


OBJECTIVES 

Given  a  workbook  and  cosipass  tralneri  perform  an  Inspection  and 
operational  check  with  a  minimuui  o£  100%  accurate  workbook  responses. 

Given  a  workbooki  sight  compass  and  ccnpass  tralnexi  swing  and 
make  compensation  adjustmants  with  a  minimum  of  80^  accurate  workbook 
responses* 

Given  a  workbook  and  compass  traireri  accomplish  the  pllot^s 
correction  card  with  a  minimum  of  80%  accurate  workbook  responses* 

IlISTRUCTIONS 

This  workbook  will  be  used  In  conjunction  with  programmed  text 
3ABa32531-PT-^i01  <3ABR32632B-PT-501) ,  OPEKATION  OP  MAGNETIC  (STANDBY) 
COMPASS* 

READ  ALL  STEPS  BEFORE  STARTING  PERFORMANCE,    Complete  the  workbook 
by  performing  each  step  as  outlined  In  the  workbook,  and  by  making  the 
appropriate  responses  as  required  by  tne  workbook*    Your  Instructor 
will  obsf.rve  your  performance  during  the  swing  for  correct  procedure 
and  wilJ  check  your  computations  for  accuracy  upon  completion  of  the 
workbook*    If  there  Is  any  portion  of  the  workbook  that  you  do  not 
understand,  ask  your  instructor  BEFORE  you  attempt  to  perform  that  step 

EQUIPMENT 


PROCEDURE 

Your  instructor  will  observe  your  performance  during  the  swing 
for  correct  procedure  and  will  check  your  computations  for  accuracy 
upon  completion  of  the  workbook,    READ  ALL  STEPS  BEFORE  STARTING 
PERIORMANCE. 

Caution:    Remove  jewelry  and  all  magnetic  materials  from  your 


Supersedes  3ABR32531-WB-h01,  3ABR32532B-WB'-501,  2  June  1977, 
OPR:    3360  TCHTG 
DISTRIBUTION:  X 

3360  TCHTG/TTGU-F  •  250;  TTVSA  -  I 

Designed  for  ATC  Course  Use,    Do  Mot  i:se  on  the  Job- 


Basis  of  Issue 


Direct  Reading  Compass  Trainer 
Sight  Compass  (B-16  or  B-21) 
Nonmagnetic  Screwdriver 


1 /student 
1 /student 
1 /student 


person. 


1,      Inspection*    Perform  a  visual  Inspection  of  the  compass  on 
Che  trainer,  and  check  for  the  following: 


a.      Evidence  of  leakage  (air  bubbles).  Results  of  Checl: 


b.  Security  of  mounting  (screws  tight 
and  of  a  nonmagnetic  material). 

c.  Float  for  deterioration  (numbers 
on  card  legible)* 

d.  Fluid  for  color  (milky). 

e.  Cover  glass  (chipped  glass, 

cracks). 


l5 

u!  I 

of  Check  1 

Isi 

iul  1 

Results 

of  Check  ! 
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u  t 

Results 

of 
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S 
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Results 

o£ 
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Si 
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2.      Swing  and  compensate  the  compass  and  complete  the  Pilot's 
Correction  Card. 

Note:    Remove  the  Pilot's  Correction  Card  from  the  back  of  this 
workbook.    Use  the  correction  card  to  make  appropriate  entries 
as  directed  in  the  procedures  below. 

a.  Compensation  Swing. 

(1)  Null  the  compensator* 

(2)  Align  the  trainer  to  the  cardinal  headings  and 
record  the  actual  heading  and  aircraft  compass  indications  in  the 
^appropriate  spaces  on  the  Pllot^s  Correction  Card  provided. 

(3)  Determine  the  deviation  errors  for  each  heading 
and  record  these  in  the  appropriate  spaces  on  the  correction  card. 

b .  Compensat  ion . 

(1)  Using  the  values  obtained  during  the  compensation 
swing  and  using  the  formulas  on  the  Pilot's  Correction  Card,  compute 
the  amount  of  correction  for  coefficients  A,  B  and  C. 

(2)  Using  the  tools  provided,  make  the  necessary 
adjustments  on  the  compass. 

c.  Residual  Swing, 

(1)  Align  the  trainer  to  the  cardinal  headings  and 
record  the  actual  headings  and  compass  Indications  in  the  appropriate 
spaces  on  the  Pilot*s  Compass  Correction  Card. 

(2)  Using  the  values  obtained  during  the  residual 
swing,  enter  the  appropriate  STEER  values  for  each  cardinal  heading 
in  the  appropriate  spaces  on  the  Pilot's  Compass  Correction  Card. 
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COMPENSAtmO 

I4ESI0UAU 
SWING 

AiAcnArr 

Acru AU 

AiAcf^Arr 
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H  000 

! 

£  090 

5  180 

W  270 

(1) 

C2) 

C3) 

IF  SVIIHSIHO  COMPASS  USEO  *HE*0  Of  MRCR*FT.  ADD  OR  SUBTRACT 
1M  OESREES 


CmK  c-.!^  =  I-lji-l  = 
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GV 

p\0     ;  STEER 

TO 

STEER 
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IS  : 
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30 
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4S 
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« 

240 
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90 
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Cotnp«f)9Ated  and 
Swuflft  by 


0fi4<M  from  00  F^m 


PtLOrS  COMPASS  CORRECTtOH  CARD 


"c^mPaIT 
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COMPE>l£ATEO  ANQ  SWUNG  GV 


Coiwpgnsaucfl  pTOcedUfe,  refer  to  SpecificaUon  AN-C-1U6. 
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oasouTf 
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FOREWORD 


This  programmed  text  was  prepared  for  use  in  the  3A5R32S31i 
Avionics  Instrument  Systems  Specialist  Course  and  the  3ABR32632B» 
Integrated  Avionic  Systems  Specialist  Course.    The  material  herein 
has  been  validated  by  21  students  from  the  respective  courses •  At 
least  90%  of  the  students  from  the  courses  achieved  the  objective 
as  stated.    The  average  time  for  completion  is  5  hours  and  AS  minutes. 


1*     Without  references*  identify  facts  pertaining  to  the  purpose^ 
operation*  and/or  characteristics  of  attitude  reference  systems  with 
a  minimum  accuracy  of  70%* 


This  programmed  text  presents  information  in  small  steps  called 
frames*    Ea&h  frame  is  followed  by  some  form  of  questioning*  Imme- 
diately after  reading  each  frame^  you  will  make  the  required  response. 
Check  your  answers  each  time  with  the  correct  answer  shown  at  the  end 
of  the  following  frame.    If  you  make  the  correct  response,  go  on  to 
the  next  frame.    If  you  make  an  incorrect  response,  reread  the  frame 
before  going  on  to  the  next  frame.    Be  sure  that  you  understand  the 
material  in  each  frame  before  continuing. 


This  text  covers  the  entire  auxiliary  flight  reference  system. 
You  will  learn  about  one  section  at  a  time.    You  will  be  tested  after 
each  section  to  determine  if  you  have  acquired  the  necessary  under^ 
standing  of  that  portion*    You  must  understand  each  section  before 
continuing  to  the  next*    If  you  do  not  understand  the  text,  or  have  a 
question,  raise  your  hand  and  your  instructor  will  help  you  before 
continuing* 

Handout  3ABR 325 3 1-30-40 3  Is  provided  to  be  used  with  this  programmed 
text.    Pages  3*10  of  the  HO  will  be  used  with  section  A  of  the  text, 
pages  11  and  12  will  be  used  with  section  B,  and  page  13-*20  will  be 
used  with  section  C*    Handout  3ABR32S31-HO->403A  will  also  be  used  with 
this  programmed  text* 


Supersedes  3ABR32531-PT-403,  3ABR32632B-PT-502B,  14  November  1974* 
OPR:    3360  TCHTG 
DISTRIBUTIOHt  X 
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OBJECTIVE 


Attitude  Heading  Reference  Systems* 


Compass  Systems  (Gyro  Stabilized). 


INSTRUCTIONS 


SPECIAL  INSTRUCTIONS 


Part  I  " 


SECTION  A  -  ATTITUDE  REFERENCE  SYSTEM 
General  Description  of  che  Actitude  Reference  Syscem 
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Fra!Jie*  1 

The  Auxiliary  Flight  Reference  System  (AFRS)  is  a  standby  or 
backup  system  to  the  Inertial  Bomb  Navigation  System  (IBNS) »  The 
Inertial  Bomb  Navigation  System  (IBNS)  is  a  complex  system  that  is 
a  separate  career  field  of  its  own*    Since  some  of  the  functions  of 
the  IBNS  and  our  system  (Auxiliary  Flight  Reference  System)  overlap, 
ic  will  be  necessary  to  refer  to  the  IBNS  from  time  to  time* 

NO  RESPONSE  REQUIRED 


Frame  2 


The  Auxiliary  Flight  Reference  System  (AFRS)  produces  attitude 
and  heading  signals*    These  signals  are  applied  to  indicators  in  the 
cockpit*    Major  components  of  the  Auxiliary  Flight  Reference  System 
(AFRS)  are  the  Displacement  Gyro  Package,  Compass  System  Controller, 
Remote  Compass  Transmitter,  and  Electronic  Control  Amplifier*  Page 
3  of  HO-403  shows  the  components  and  subcomponents  of  the  AFRS* 
Study  the  illustration  to  become  familiar  with  the  maji^r  components* 

Write  the  names  of  the  major  AFRS  components  in  the  spaces 
provided  below* 

1*   


2* 


3* 


4* 


Frame  3 


The  Auxiliary  Flight  Reference  System  is  actually  two  systems  inte- 
grated into  one,    These  are  the  Gyro  Stabilized  Magnetic  Compass  System 
and  the  Attitude  Reference  System,    We  will  cover  each  system  separately, 
The  first  to  be  discussed  is  the  '^Attitude  Reference  System.'*    The  major 
components  of  the  "Attitude  Reference  System"  are  the  Displacement  Gjrro 
and  the  Electronic  Control  Amplifier  (ECA) ,     (Refer  to  page  4  of  HO-403,) 
Pitch  and  roll  signals  produced  by  the  Displacement  Gyro  are  transmitted 
to  the  ECA  to  be  amplified.    The  amplified  pitch  and  roll  outputs  from 
the  ECA  are  transmitted  to  the  Standby  Attitude  Indicator  (SAI)  .    In  the 
event  of  an  IBNS  malfunction,  these  signals  will  also  be  transmitted  to 
the  Attitude  Director  Indicator  (ADI) ,    We  will  also  cover  the  Flight 
Instrument  Reference  Switch  (Prim-Aux  Switch),  Instrument  Set  Coupler 
(ISC),  and  various  control  relays.    These  subcomponents,  like  the  SAI  and 
ADI  are  not  part  of  the  AFRS,  but  are  necessary  for  system  operation. 

Study  the  diagram,  page  4,  HO-403  to  be  come  familiar  with  the  com^ 
ponents  and  subcomponents  used  in  the  operation  of  the  AFRS,    The  arrows 
show  signal  flow  to  components  and  indicators. 

Match  the  component  or  subcomponent  in  Column  II  to  the  statement/ 
function  in  Column  I,    You  may  refer  to  the  diagram  on  page  4  of  H0-'403, 

I  II 


Are  major  Attitude  Reference  a. 
System  components. 


Attitude  Director 
Indicator 


Are  not  part  of  the  Attitude 
System,  but  are  necessary 
for  proper  operation. 

Receives  and  amplifies  pitch 
and  roll  signals. 

Receives  input  signals 
directly  from  the  ECA  to 
provide  attitude 
indications , 


e, 
f , 


Standby  Attitude 
Indicator 

Control  relay 

Electronic  Control 
Amplifier 

Displacement  Gyro 

Prim-Aux  Switch 


Instrument  Set 
Coupler 


Answers  to  Frame  2:  1, 
■  2, 
3, 
4, 


Displacement  Gyro  Package 
Compass  System  Controller 
Remote  Compass  Transmitter 
Electronic  Control  Amplifier 
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Frame  4 


The  first  component  to  be  covered  is  the  Displacement  (^roscope 
Platform  (Displacement  (^ro)*    It  contains  two  gyros;  a  directional 
gyro  which  produces  heading  reference  signals,  and  a  vertical  gyro 
which  produces  pitch  and  roll  signals  >    The  directional  gyro  output 
signal  Is  not  used  by  the  attitude  portion  of  the  AFRS,  therefore  its 
operation  will  be  covered  at  a  later  time*    The  vertical  gyro  (V6)  is  ^ 
tiniversally  mounted  vlth  its  spin  axis  maintained  perpendicular  to  the 
earth*    With  its  spin  axis  perpendicular,  the  VG  produces  attitude  sign 
(pitch  and  roll);  attitude  being  the  position  of  the  aircraft  in  relat 
ship  to  the  earth's  horizon* 


A      ^^-^^^^^    \ 


Using  the  above  illustration,  study  the  relationship  between  the 
aircraft  and  the  vertical  gyro  and  underline  the  correct  answer* 

1*      The  vertical  gyro  references  the  (attitude,  heading)  of 
the  aircraft  in  pitch  and  roll* 

2*     The  vertical  gyro  must  be  (semluniversally,  universally) 
mounted  to  remain  rigid  during  aircraft  maneuvers* 

3»     The  vertical  gyro  has  a  (horizontal,  vertical)  spin  axis* 

Answers  to  Frame  3:      d        e     1*  a  b^^     ^^^c  ^     f     j;  2» 

d     3*         b  4* 


toil 


PtTCH 
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Frame  5 


So  far*  you  know  that  the  gyro  platform  (displacement  gyro) 
contains  the  vertical  gyro  (VG)*    The  VG  holds  a  fixed  position  due  to 
rigidity*    This  allows  the  gimbals  to  move  about  the  gyro  (VG)  without 
changing  the  VG's  position*    Kow  we  must  produce  pitch  and  roll  output 
signals  which  will  be  used  to  indicate  the  degree  of  movement  about  the 
gyro*    This  is  done  by  placing  synchrotransmitters  between  the  gyro 
gimbals*    Refer  to  page  5,  H(M03*    Kote  the  location  of  the  pitch  and 
roll  transmitters  (CXs)  in  figure  A*    Figure  B  shows  the  relationship 
between  the  gyro  and  gimbals  with  the  aircraft  hacving  a  nose^up  attitude 
causing  a  change  in  the  pitch  synchro  output*    Figure  C  shows  the  gimbal 
relationship  during  aircraft  roll  attitudes t  causing  a  change  in  the 
roll  synchro  output.    Attitude  signals  are  sent  from  the  synchrotrans* 
mitters  to  the  electronic  control  amplifier  (EGA). 

Complete  the  statements  below  by  underlining  the  correct  answer(s)* 

1*     The  gyroscopic  principle  which  enables  the  gyro  to  hold  a 
fixed  position  is  (rigidity^  precession). 

2*     When  the  aircraft  noses  up  or  down*  a  signal  is  produced  in 
the  (pitch  CX»  roll  OX)* 

3*      When  the  aircraft  banks  left  or  right*  a  (pitch*  roll*  heading) 
signal  is  produced* 

4*     Attitude  outputs  from  the  transmitter  synchros  are  transmitted 
to  the  (gyro  platform*  Electronic  Control  Amplifiers)* 


Answers  to  Frame  4:    1*    Attitude     2*    Universally     3*  Vertical 
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Frame  6  , 

The  vertical  gyro  (VG)  references  the  aircraft  attitude  in  V^-^^ 
and  roll  through  the  use  of  synchro  transndtters .    In  order  to  Pf^^JJ  ^ 
a«urate  output  signals,  the  V6  spin  axis  must  be  maintained  perpendicular 
CO  the  earth.    To  keep  the  VG  level,  electrolytic  gravity  switches 
(sensors)  and  torque  motors  are  used.    The  3en3ors  are  „11 
gyro  or  gyro  gimbals  and  will  sense  an  unlevel  gyro  in  the  pitcu  ana 
S^,    TSe  electrolytic  gravity  switch  is  a  glass  tube  partially  J^^^J"' 
a  conducting  substance  (mercury  or  sodium  iodide).    When  th«^  8^"  " 
(figure  A,  page  6.  HO-403)  ,  the  fluid  does  not  make  contact  ^f^f 
leads;  therefore,  the  torque  motor  (TM)  cannot  operate.    If  ^'^^^f  l  „f  the 
level  (figure  B) ,  the  fluid  completes  a  circuit  through  one  winding  ot 
torque  motor,  causing  the  motor  to  operate.    The  f°'^"^^»°^^/Pfprecessed 
force  causing  precession  which  levels  the  gyro.    When  the  f  l^  l^^l 
back  to  level,  the  circuit  is  again  open.    The  winding  of  the  ^^^^^^^^ 
that  is  energized  determines  the  direction  of  applied  force  and  the  di«crion 
die  gyro  will  precess  to  become  level.    Figure  C  shows  the  location  of  the 
electrolytic  switches  and  torquers. 

Complete  the  statements  below  by  underlining  the  correct  answ^..^). 

■  1       The  VG  spin  axis  is  maintained  perpendicular  to  the  "rth  by 
(pitch  and  roll  transmitting  synchros,  electrolytic  gravity  switches  and 
tor^liie  motors)  * 

2,  Current  will  flow  in  the  torquer  when  the  VG  (is,  is  not)  level. 

3,  An  unlevel  condition  of  the  VG  will  bo  sensed  by  the  (electrolytic 
gravity  sensor,  torque  motors). 

4,  The  torque  motors  are  controlled  by  (synchrotransmirters ,  gravity 
sensors) ^ 

Answers  to  Frame  5:    1.    Rigidity     2.    Pitch  CX     3.  Roll 
4.    Electronic  Control  Amplifier 
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Fratne  7 

The  Electronic  Control  Amplifier  (ECA)  receives  the  synchro  output 
signals  from  the  displacement  gyro  (gyro  platform)  •    The  roll  and  pitch 
signals  are  amplified  and  sent  directly  to  the  Standby  Attitude  Indicator 
(SAI)  on  the  Instrument  panel*    The  SAI  provides  a  visual  display  of  the 
aircraft's  attitude  in  the  pitch  and  roll  axis*    Another  indicator  that 
displays  the  same  Information  is  the  Attitude  Director  Indicator  (ADI)* 
The  API  normally  operates  on  signals  from  the  gyro  in  the  Inertial  Bomb 
Navigation  System  (IBNS)*    Under  normal  conditions  w^tii  r.wo  indicators 
providing  the  same  attitude  indications,  but  operating  frura  different 
reference  gyros,  the  aircraft  crew  has  a  cross  check  of  rhe  systems  and 
indicators  * 

Study  the  block  diagram  below  to  become  familiar  ^fith  signal  flow 
through  the  system* 
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Match  the  components  in  Column  II  to  the  statements  In  Column  i* 
You  may  refer  to  the  diagram. 


Column  I 

Column  II 

1. 

Receives  attitude  output:s 

a. 

Attitude  Director  Indicator 

directly  from  the  EGA. 

Displacement  Gyro  Platform 

b. 

2. 

Amplifies  outputs  from  the 

Electronic  Control  Amplifier 

displacement  gyro* 

c. 

Can  receive  outputs  from 

d. 

Standby  Attitude  Indicator 

both  the  IBNS  and  AFRS, 

Answers  to  Frame  6:  1* 

2. 
3. 
4. 


Electrolytic  gravity  switches  and  torque  motor 
Is  not 

Electrolytic  gravity  sensor 
gravity  sensor 
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Frame  8 


Refer  to  the  schemat:ic  on  page  7,  HO-403,  and  visually  trace  the 
pitch  and  roll  signals  from  the  VG  to  the  SAI  and  through  each  servo  loop 
which  positions  the  sphere* 

The  Standby  Attitude  Indicator  i^^ceives  pitch  and  roll  signals  from 
the  ECA»    Pitch  and  roll  signals  represent  aircraft  attitude  in  relation 
to  the  horizon*    Both  signals  are  applied  to  closed  servo  loops  which 
consist  of  a  control  transformer  (CT),  an  amplifier,  a  motor  generator 
(M6)  and  mechv^ical  linkage  operated  by  the  Input  signals  are 

applied  to  the  CT  stators*  *  The  output  signal,  taken  from  the  syrichro 
rotors,  is  amplified*    The  amplifier  output  operates  the  motor  generator 
which  mechanically  repositions  the  indicator  sphere*    The  same  mechanical 
linkage  to  the  sphere  also  repositions  the  rotor  of  the  CT  to  null  the 
signal*    Pitch  and  roll  information  read  from  the  indicator  sphere  is 
referenced  against  a  miniature  aircraft  symbol    \^A7    \    Tiiounted  on 
the  front  of  the  indicator*  \  J 


Complete  the  statements  below  by  underlining  the  correct  answer(s). 

1*      Pitch  and  roll  signals  originate  in  the  (SAI»  electronic 
control  amplifier,  displacement  gyro)* 

2*      Signals  from  the  rotor  of  the  indicator  CT  are  applied 
directly  to  (the  sphere,  an  amplifier,  a  motor  generator)* 

3*     The  indicator  motor  repositions  the  CT  rotor  to  (dampen 
motor  movement,  null  the  signal)* 

4*     Pitch  and  roll  signals  reference  aircraft  attitude  in 
relationship  to  the  (earth's  horizon,  longitudinal  axis  of  the 
aircraft)  * 


Answers  to  Frame  7:      d     1*       c       2*       a  3* 
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Frame  9 


The  Standby  Attitude  Indicator  (SAI)  provides  visual  indications 
of  aircraft  attitude  throughout  360  degrees  of  roll,  but  it  is  limited 
in  pitch  to  90  degrees.    Pitch  indications  are  referenced  against  the 
Miniature  Aircraft  Symbol  (figures  A  and       page  8*  HO-403)  and  read 
on  the  horizontal  scale  on  the  sphere.    Each  horizontal  line  indicates 
five  degrees.    Roll  indications  are  read  from  the  Bank  Angle  Scale  at 
the  bottom  of  the  indicator  (figure  B) ,    This  scale  is  marked  at  10^ 
20,  30»  60  and  90  degree  segments  on  both  the  left  and  right  side  of  the 
scale     The  bank  index  moves  with  the  sphere  to  provide  indications  of 
the  degree  of  aircraft  roll  (bank).    On  the  lower  left  of  the  sphere  is 
a  *'Power-Off"  flag,  which  indicates  either  power  failure  or  that  the 
displacement  gyro  has  not  reached  stability  (figure  C),    It  takes  approxi- 
mately two  minutes  after  power  application  to  the  system  for  the  flag  to 
be  removed  from  view. 

Complete  the  following  statements  by  underlining  the  correct 
answer (s) . 

1,  The  sphere  provides  attitude  indications  throughout  (90*"  pitch 
and  360*^  roll,  90*^  roll  and  360*^  pitch), 

2,  Pitch  indications  are  read  against  the  (bank  index  and 
miniature  aircraft,  miniature  aircraft  and  horizontal  lines  on  the 
sphere) , 

3,  Roll  indications  are  indicated  (every  10  degrees,  at  10, 
20,  30,  60  and  90  degrees). 

4,  The  Power*Off  flag  disappears  after  (1,  2,  3,  A)  minutes  of 
power  application. 


Answers  to  Frame  8:  1.  displacement  gyro  2,  an  amplifier 
3.    null  the  signal       A,    earth's  horizon 
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Frame  10 


Because  of  structural  design  (configuration),  carrying  fuel  and 
added  weight  (load),  most  aircraft  must  fly  with  a  slight  noseup 
attitude.    On  the  lower  right  of  the  SAX  is  a  "Pitch  Trim  Knob"  (figure 
E,  page  8»  HO^403).    It  is  used  by  the  pilot  to  adjust  the  indicator 
sphere  In  the  pitch  axis  to  indicate  straight  and  level  flight*  Figure 
D,  p^ge  8»  HO-403,  shows  an  aircraft  with  its  nose  up  due  to  load  and 
configuration*    Figure  C  shows  the  indication  on  the  SAX  before  adjust* 
ment.    Figure  E  shows  the  sphere  with  an  adjusted  Indication* 

Complete  the  following  statements  by  underlining  the  correct  answer(s). 

1.      The  adjustment  knob  on  the  SAX  controls  the  sphere  in  Its 
(roll,  pitch)  axis, 

2*      Load  indication  is  due  to  (indicator  aligmnent,  added  weight 
aboard) . 


Answers  to  Frame  9;  1,  90**  pitch  and  360*  roll 

2*  miniature  aircraft  horizontal  lines  on  the  sphere 

3,  at  10,  20,  30,  60  and  90 

4*  2 
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Frame  II 


The  Attitude  Director  Indicator  <ADI)  (see  illustracion  below), 
provides  visual  indications  of  aircraft  attitude.    This  indicator  is 
located  on  the  pilot's  instrument  panel  and  is  the  primary  source  of 
pitch  and  roll  information.    Operation  of  the  attitude  sphere  in  the 
ADI  is  the  same  as  that  covered  in  the  Standby  Attitude  Indicator 
operation*  except  the  sphere  in  the  ADI  also  provides  heading  indica*- 
tions  which  will  be  covered  in  Section  B  of  this  text.    Pitch,  roll 
and  heading  indications  ate  read  against  the  miniature  aircraft  symbol* 
Pitch  increments  on  the  ADI  sphere  provide  indications  at  every  10' 
degrees.    Roll  increments  at  the  bottom  of  the  Indicator  are  at  10, 
20,  30,  60  and  90  degrees.    This  indicator  also  has  a  *'Pitr.h  Trim  Knob*' 
provided  for  load  and  configuration  adjustments.    The  **Power-0£f"  flag 
operates  the  same  as  that  on  the  SAI* 


PITCH  REFERENCE  SCAlE 


MINIATURE  AIRCRAFT 
SYMIOL 


POWER  OFF  FIAG 


8ANK  POINTER 


BANK  SCAIE        PIKH  TRtM  KNOB 


Match  the  ADI  component  in  Column  II  to  the  statements  in  Column  I* 


Column  I 

Column  II 

1. 

Is  marked  at  increments  of  10,  20, 

a. 

Pitch  Trim  Knob 

30 ,  60  and  90  degrees . 

b. 

Sphere 

2. 

Normally  is  out  of  view  after  two 

minutes  of  initial  power. 

c. 

Power  OFF  Flag 

3. 

Used  to  compensate  for  load  -^jnd 

d. 

Bank  Angle  Scale 

configuration  indications. 

e. 

Miniature  Aircraft 

4. 

References  pitch,  roll  and 

Symbol 

heading  information. 
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5.  Comes  Into  view  whenever  power 
is  lost. 

6.  Contains  pitch  Increments  (markings) 
every  five  degrees. 

7.  When  turned,  will  position  the  sphere 
In  Its  pitch  axis* 


Answers  to  Frame  10:    1.    Pitch        2.    added  weight  aboard 
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Frame  12 


During  normal  flighc  conditions,  the  "Flight  Instrument  Reference 
Switch"  in  the  cockpit  is  at  the  "Prim"  (Primary)  position*  Attitude 
inputs  to  the  SAX  are  received  directly  from  the  Auxiliary  Flight 
Reference  System*  but  attitude  signals  to  the  ADZ  are  received  from  the 
Inertial  Bomb  Navigation  System*    First>  we  will  cover  system  operation 
with  the  "Prim-Aux**  switch  in  the  "Prim"  position*    Refer  to  the  schematic 
on  page  9  in  HO-403,  and  locate  the  "Prim-Aux"  switch  (Flight  Instrument 
Reference  switch)*    Visually  trace  the  Primary  Good  signal  from  the  IBNS 
to  relay  Kl  in  the  Instrument  Set  Coupler*    Now,  visually  trace  the  ground 
lead  for  relays  K2  and  K3  in  Misc*  Relay  Panel  number  1  through  the  closed 
contacts  of  Kl,    When  energized,  relays  K2  and  K3  provide  a  path  for  the 
pitch  and  roll  signals  from  the  IBNS>  to  the  ADI*    When  relays  K2  and  K3 
are  not  energised  (contacts  up)^  pitch  and  roll  inputs  to  the  ADI  are 
received  from  the  VG  in  the  APRS* 

Complete  the  following  statements  by  underlining  the  correct  answer(s)* 
You  may  refer  to  the  schematic  on  page  9  in  HO-403* 

1.  The  Flight  Instrument  Reference  Switch  is  normally  placed  in 
the  (PRIM,  AUX)  position* 

2.  With  the  Flight  Instrument  Reference  Switch  in  the  "Prim"  . 
position*  relays  (Kl>  K2,  K3)  will  be  energized* 

3*     With  power  applied  to  the  system  and  the  Flight  Instrument 
Reference  switch  in  the  "Prim'*  position*  signals  to  the  ADI  are  received 
from  the  (IBNS*  APRS)* 

4*  When  the  Flight  Instrument  Reference  Switch  is  inthe  (Prim* 
AUX*  either  Prim  or  AUX)*  inputs  to  the  SAI  are  received  from  the  APRS 
vertical  gyro* 

5*     The  APRS  vertical  gyro  supplies  signals  to  the  ADI  when  relays 
K2  and  K3  are  (energized*  deenergized) * 


Answers  to  Frame  11:      d    1*       c    2*       a    3*       e    4*       c  5. 
b    6*       a  7* 


1:760 

16 


IW 

Frame  13 

The  Auxiliary  Flight  Reference  System  supplies  pitch  and  roll 
infonnation  to  both  the  Standby  Attitude  Indicator  and  the  Attitude 
Director  Indicator,  when  the  Flight  Instrument  Reference  Switch  is 
positioned  to  '*AUX/'    Refer  to  the  schematic  on  page  10  in  HO-403* 
Notice  that  the  PRIM-AUX- switch  is  in  the  "AUX"  position,  thereby 
removing  the  IBNS  primary  good  signal  from  relay  Kl  in  t:he  Instrument 
Set  Coupler  (ISC).    The  contacts  of  Kl  will  be  up  which  deenergizes 
K2  and  K3  in  the  Misc  Relay  Panel  //I.    With  the  contacts  of  K2  and 
K.3  up,  visually  trace  the  pitch  and  roll  signals  from  the  APRS  (dis- 
placement gyro)  through  the  pitch  and  roll  modules  in  the  Electronic 
Control  Amplifier  (ECA) *    The  outputs  of  the  ECA  are  applied  directly 
to  the  SAI  to  -operate  the  sphere*    Pitch  and  roll^outputs  from  the 
ECA  also  are  sent  through  the  contacts  of  K2  and  K3  to  be  applied  to 
the  ADX  to  operate  its  sphere* 

Referring  to  the  schematic  on  page  10  in  HO-403,  complete  the 
following  statements  by  underlining  the  correct  answer ( s)  . 

1.      With  the  Flight  Instrument  Reference  Switch  in  the  "AUX" 
position,  all  relays  are  (energized,  deenergized) - 

Zr     When  the  Flight  Instrument  Reference  Switch  is  in  the  '*AUX" 
position,-  the  (IBNS ,  AFRS)  supplies  inputs  to  the  Standhy  Attitude 
Indicator. 

3-     '^en  the  Flight  Instrument  Reference  Switch  is  in  the  "AUX" 
position,  the  (IBHS,  AFRS)  supplies  inputs  to  the  Attitude  Director 
Indicator • 

A»      The  AFRS  vertical  gyro  supplies  signals  to  the  ADI  when 
relays  K2  and  K3  are  (energized,  deenergized) , 


Answers  to  Frame  12:  1.  Prim  2.  Kl,  K2,  K3  3.  IBUS 
4,    either  Prim  or  AUX     5.  deenergized 
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Frame  14 


Relay  Kl  will  be  energized*  only  when  the  **?rim-Aux*'  switch  is 
in  the  **Priin"  position  and  the  pitch  and  roll  signals  from  the  IBNS 
are  strong  enough  to  be  relied  on^    In  the  event  of  failure  of  the 
I6HS  gyro  or  a  loss  of  either  the  XBUS  pitch  or  roll  signal »  the 
primary  good  signal  will  not  have  sufficient  strength  to  hold  relay 
Kl  energized*    In  the  event  that  Kl  deenerglzes »  the  system's  opera-* 
tion  will  automatically  be  the  same  as  if  the  "Prim-Aux"  switch  was 
placed  in  the  *'AUX**  position*    The  SAI  and  ADI  will  receive  attitude 
input  signals  from  the  Auxiliary  Flight  Reference  System* 

Referring  to  page  10  of  HO-403»  complete  the  following  statements 
by  underlining  the  correct  answer(s)» 

1»     The  primary  good  signal  energizes  Kl  when  the  (APRS,  IBNS) 
pitch  and  roll  signals  are  strong  enough  to  be  relied  on* 

2.  In  event  of  an  IBNS  gyro  failure,  relays  (Kl»  K2»  K3)  will 
deenergize* 

3.  Wlth'^a'-'loss  of  the  primary  good  signal,  system  operation 
automatically  goes  into  (PRIM,  AUX) . 


Answers  to  Frame  13:         1.  deenergized 


2, 
3. 
4. 


AFRS 
AFRS 


deenergized 


Answers  to  Frame  14 


1, 
2. 
3. 


IBNS 

Kl,  K2,  K3 
AUX 


18 


Frame  IS 

Match  the  components  In  Column  IX  to  the  statements  in  Column  I. 


1. 


2, 


3, 


4. 


Column  I 

Column  IX 

Ainp  jLxr  Xcs  ou  cpucs  rjtoiQ  cne 

a. 

Displacement  Gyro  Package* 

b. 

Displacement  Gyro  Package 

i^an  rBCciVe  ouLpucs  rroni  Docn 

cne  iorio  and  Artu^ 

c. 

Dieccronxc  oon  crox  ninpxx  lxc  r 

Determines  whether  attitude 

d. 

Instrument  Set  Coupler 

signals  will  be  received  from 

C  , 

Receives  attitude  signals 

f. 

Standby  Attitude  Indicator 

directly  from  the  Electronic 

control  amplifier. 

Receives  attitude  signals  from 

the  AFRS  only. 

Complete  the  following  statements  by  underlining  the  correct 
answer (s) , 

6,      (Rigidity,  Precession)  is  the  gyroscopic  principle  which 
enables  the  gyro  to  hold  a  fixed  position, 

7*      The  (electronic  control  amplifier,  displacement  gyro  platform) 
receives  attitude  signals  from  the  transmitter  synchros, 

8,      VG  torquers  are  controlled  by  (electrolytic  gravity  sensors, 
synchro  transmitters) * 

9*      The  adjustment  knob  on  the  SAX  controls  the  sphere  in  its 
Croll^  pitch)  axis . 

10,  Changes  in  aircraft  attitude  are  sensed  by  (synchrotransmitters , 
torque  motors) . 
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Match  the  items  in  the  illustration  below  to  their  terms  or  statements. 
Numbers  may  be  used  more  than  once« 


Bank  Angle'Scale 

;  )i2. 

Bank  Index 

Comes  into  view  when  pcwer 

is  lost 

;  

Adjusted  to  compensate  for 

load  and  configuration  errors 

:  )i5. 

Miniature  aircraft  synibol 

:  ?i6. 

Pitch  and  Roll  Sphere 

:  )i7. 

Pitch  Trim  Knob 

)18. 

Power  Off  Flag 

Answers  to  Frame  15;     c    1»     _a_  2»       e    3»       £    4»       f  S» 
6.    rigidity     7»    electronic  control  amplifier     8-    electrolytic  gravity 
sensors     9 »    pitch     10 »    synchrotransmitters       (3)  11>       (2)  12 » 
(1)  13 .       (4)  U .        (5)  15 .      (6)  16 .       W  17 .        (1)  18 . 
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PART  II 


-  Detailed  Description  of  the  Attitude  Reference  System. 


SPECIAL  INSTRUCTIONS 

Obtain  Handout  3ABR32531-I10-403A  from  your  instructor  and  trace 
circuits  as  outlined  in  this  section.    When  you  have  completed  this 
section,  have  your  instructor  check  your  work. 

Frame  1 

I1O-403A  (APRS  Attitude  System  schematic)  will  be  completely  covered 
In  this  portion  of  the  text.    Learning  the  detailed  operation  of  the 
attitude  system  >y  using  the  schematic  will  provide  you  with  the  neces- 
sary knowledge  for  troubleshooting  the  system  on  the  trainers.  Inter- 
spersed throughout  this  section  will  be  Instructions  for  tracing  power 
and  circuits  using  various  colors  for  circuit  distinction.    Refer  to  the 
schematic  In  HO<^403A  and  notice  that  It  contains  components  and  a  test 
board  that  were  not  covered  previously.    These  additional  components  and 
portions  of  the  components  that  you  will  learn  about  were  not  covered  In 
Part  I  of  Section  A  to  keep  the  basic  system  operation  as  simple  as 
possible. 


NO  RESPONSE  REQUIRED 


Is 
C3< 


I-7G6 


Frame  2 


Consider  what  happens  when  the  systems  AC  and  DC  switches  are  closed. 
Power  is  applied  from  the  AC  and  DC  sources,  into  the  electronic  control 
amplifier  (ECA) .    From  here  it  is  distributed  to  various  components  and 
units.    Reference  voltage,  26V  AC,  is  applied  to  synchro  rotors  in  both 
the  HCA  and  Displacement  Gyro  Package  (DGF)  .    Refer  to  HO-403A  and  locate 
these  synchros*    The  vertical  gyro  (VG)  spin  motor  receives  115V  AC  for 
its  operation.    In  order  for  the  VG  to  produce  accurate  pitch  and  roll 
signals  it  must  be  leveled.    For  a  review  of  the  pitch  and  roll  sensor 
and  torque  operation  refer  to  Frame  6,  FT  403,  Section  A,  Part  I.  To 
provide  fast  erection  of  the  VG,  78V  AC  is  applied  to  the  erection 
torquers  for  the  first  two  minutes  of  operation.    After  the  first  two 
iiiinutes  of  operation,  the  erection  torquer  voltage  is  decreased  to 
26V  AC  for  normal  erection. 

Complete  the  following  statements  by  underlining  the  correct  answers 
shown  in  parenthesis. 

1.  The  (DGF,  ECA)  receives  power  directly  from  the  AC  and  DC 
sources. 

2.  Power  is  distributed  to  the  systems  components  from  the  (ECA, 

DGF). 

3.  Power  is  applied  to  the  synchro  (ROTORS,  STATORS) . 

4.  (26V  AC,  115V  AC,  28V  DC)  is  applied  to  the  VG  spin  motors. 

5.  To  provide  fast  erection  of  the  VG,  (26V  AC,  78V  AC,  115V  AC) 
is  applied  to  the  erection  torquers, 

6.  Fast  erection  of  the  VG  is  accomplished  during  the  first 
(30  sec,  1  min,  2  min)  of  system  operation. 


Fast  erection  voltage  is  obtained  during  the  first  two  minutes 
by  a  two-minute  time  delay  relay*    Refer  to  HO-A03A  and  locate  the 
time  delay  relay  in  the  DGP*    During  the  first  two  Toinutes  the  time 
delay  relay  is  energized  and  the  relay  contacts  are  in  the  down  position^ 
applying  78V  AC  to  the  torquers*    After  two  minutes »  the  relay  de- 
energizes  and  the  relay  contacts  return  to  the  up  position,  providing 
a  path  for  26V  AC  to  the  torquers*    Refer  to  the  illustration  below 
for  a  better  understanding  of  the  relay  portion* 


26  VAC 


First  2  Min*  of  Operation  After  first  2  Min*  of  Operation 

Complete  the  following  statements  by  underlining  the  correct  state- 
ment shown  in  parentheses* 

1*      During  the  first  two  minutes  of  operation  the  time  delay 
( energizes f  deenergizes)  its  relay* 

2*     When  the  time  delay  relay  is  energized  C78V  AC,  26V  AC)  is 
applied  to  the  erection  torquers* 

3*      After  two  minutes  of  system  operation,  the  time  delay  relay 
contacts  will  be  (up,  down)* 

Answers  Co  Frame  2: 

1.    ECA,      2,    ECA,      3.    ROTORS,      A.    115V  AC,      5.    78V  AC,      6.     2  min 
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Frame  4 


During  the  first  two  minutes  of  operation  you  will  find  that  the 
power  vamlng  flags  will  be  in  view.    The  malfunction  detector  located 
in  the  ECA  amplifier  (HO-403A)  receives  78V  AC  which  provides  the  neces- 
sary circuitry  to  keep  the  flags  in  view  for  the  first  two  minutes. 
Located  below  the  malfunction  detector  is  relay  K-38  which  is  maintained 
deenergized  by  the  detector  for  the  first  dro  minutes.    When  K-38  is 
not  energized  the  AUX  ATT  light  in  tt.e  cockpit  is  on  and  the  ADI  and 
SAI  flags  will  be  in  view. 

Complete  the  following  statements  by  underlining  the  correct 
answers  shown  in  parentheses, 

1,      During  the  first  two  minutes  of  operation,  the  ADI  and  SAI 
warding  flags  will  be  (in,  out  of)  view, 

2<      Relay  tC-38  is  (energized^  deenergized)  during  the  first  two 
minutes  , 

3<     When  power  is  first  applied^  relay  tC*38  provides  the  path 
to  keep  the  AUX  ATT  light  (off,  on)  • 

4,      After  two  minutes  of  operation  the  AUX  ATT  light  in  the 
cockpit  is  (on,  off). 


Answers  to  Frame  3; 

1,    energizes.      2,    78V  AC>      3,  u£ 


25 


176,9 


Fraioe  5 


NOTE:    This  frame  contaiiiJ  instructions  for  tracing  power  to  the  system 
when  initial  power  is  turned  on.    Answer  the  questions  following  these 
tracing  Instructions* 

Use  a  red  pencil  to  trace  the  following  circuitry: 

1»      From  the  AC  Power  Panel,  trace  the  A,  B,  and  C  phase  of  power 
into  the  electronic  control  amplifier  power  supply. 

NOTE:    Power  wiring  is  not  shown  drawn  throughout  the  components » 
This  is  to  reduce  the  confusion  of  a  lot  of  wiring*    Power  is 
shown  at  the  points  where  it  is  used« 

Continue  tracing  the  three  phase  power  at  the  left  of  pins  80,  81, 
and  82  of  the  first  board,  into  the  DGP  to  operate  the  VG  spin  motor* 

2*      Trace  the  26V  AC  power  to  the  synchro  rotors  in  the  DGP  and  £CA* 

3»      Trace  from  the  2  mln  time  delay  In  the  DGP,  up  to  the  relay* 
Draw,  in  red,  the  relay  contacts  to  the  down  position*    Trace  the  78V  AC 
(above  the  relay  contacts)  through  (the  now  down  contacts)  to  the 
erection  torquers* 

4*     Locate  the  tie  point  to  the  right  of  the  top  relay  contact* 
Trace  the  78V  AC  out  pin  4  of  the  DGP  (PI)  to  the  malfunction  detector 
in  the  ECA* 

NOTE:    Recall  that  when  78V  AC  is  applied  to  the  malfunction  detector 
relay  K-38  in  the  EGA  will  not  energize,  allowing  the  AUX  ATT  light 
in  the  cockpit  to  be  on* 

5*      Trace  the  DC  voltages  from  the  28V  DC  ESS  BUS  (left  side  of 
diagram),  through  pin  27  of  PI  of  the  ECA,  through  the  top  contacts  of 
relay  K-38*    Continue  out  pin  28  of  PI  to  the  AUX  ATT  light* 

NOTE:  Because  K-^SS  in  the  ECA  Is  not  energized  for  the  first  two 
minutes,  relay  Kl  in  the  instrument  set  coupler  is  not  energized* 
Therefore,  with  no  ground  for  the  power  flags,  they  will  be  in  view* 
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6,      Power  for  operation  of  the  Rate  Gyro  Transmitter:    Trace  the 
287  DC  Into  pin  B  of  P9  on  the  Rate  Gyro  Transmitter*    Continue  through 
the  inverter  to  the  primary^  of  the  transformer, 

NOTE;    The  Inverter  changes  DC  to  AC,    With  the  loss  of  AC  power 
the  pilot  still  has  the  use  of  the  rate  of  turn  pointer  which 
can  operate  off  of  battery  power  from  the  aircraft. 

Continue  the  circuitry  from  the  transformer  secondary  to  the  gyro 
motor  and  to  the  balance  bridge  as  shown  below.    The  figure  below  shows 
only  the  circuitry  to  be  traced  on  HO-403A, 


B 


NOTE:  Outputs  and  pins  C  and  D  are  signal  outputs  to  the  rate  of 
turn  pointer  and  will  be  traced  at  a  later  time. 
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7,  Pitch  trim  reference  voltage;  Trace  the  18V  AC,  in  the  ADI 
through  the  Pitch  Trim  Fade  Pot  to  the  Pitch  Trim  Pot,  Continue  from 
the  Pitch  Trim  Pot  to  the  Pitch  amplifier  as  shown  below.  The  figure 
below  shows  only  the  circuitry  to  be  traced  on  H0-403A, 


PITCH 
TRIM 


NOTE:  Operation  of  the  Pitch  Trim  Knob  is  covered  in  Frame  10 
of  PT  403,  Section  A. 
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Circle  the  number  preceeding  the  following  true  statements, 

I       73V  AC  is  applied  to  the  malfunction  detector  after  the  first  two 
minutes  of  system  operation, 

2^      During  the  first  two  minutes  of  operation,  the  contacts  of  relay  K-38 
allow  the  AUX  ATT  light  to  be  on, 

3^      Relay  K-1  in  the  Instrument  Set  Coupler  is  energized  by  relay  K-38 
for  the  first  two  mlnutet  of  operation* 

4,  115V  AC  is  applied  from  the  system  power  supply  directly  to  the  rate 
of  turn  gyro* 

5,  DC  is  applied  to  the  Rate  Gyro  Transmitter  and  converted  to  AC  to 
operate  its  gyro* 


Answers  to  Frame  4; 

1*    in,      2*    deenergized,      3*    on,      4*  off 
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Frame  6 

After  the  firsc  two  minutes  of  system  operation^  the  DGP  time 
delay  relay  deenergizcs »    The  contacts  of  the  relay  return  to  their 
nonnal  up  position*    At  this  time  the  gyro  is  leveled*  Therefore* 
only  26V  AC  to  the  torquers  is  needed  to  keep  the  gyro  level*  The 
26V  AC  is  transmitted  through  relays  K-6  and         in  the  EGA  to  the  torque 
motors  in  the  DGP*    Refer  to  the  illustration  below  for  better  under- 
standing of  normal  system  operation* 


PITCH 
SENsof) 


ROLL 
SENSOR 


Complete  the  following  statements  by  underlining  the  correct 
answers  shown  in  parentheses* 

1»      After  the  gyro  is  leveled  (6*3*  26*  78)  V  AC  is  applied  to 
the  torquers  to  keep  the  gyro  level* 

2*     After  two  minutes  of  operation*  the  voJ.tape  to  operate  the 
erection  torquers  is  received  from  the  (DGP*  EGA,  ADI)* 


Answers  to  Frame  5i 
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As  the  time  delay  relay  in  H0-403Ais  deenerglzed^  the  78V  AC  that 
WAS  applied  to  the  malfunction  detector      also  reduced  to  26V  AC,  Note 
that  the  pitch  and  roll  outputs  from  tY^i^CIP  are  also  applied  to  the 
tjalfunctlon  detector*    If  the  gyro  is  l^v^l  and  these  signals  are  valid> 
the  malfunction  detector  will  allow  rela>  to  energize »    When  the 

contact  of  K:-38  pulled  down,  the  circuit  to  the  AUX  ATT  light  Is  broken 
jnd  the  light  goes  out*    Relay  K-l  in  t«  Instrument  Set  Coupler  is 
energized  by  relay  K-38*    Relay  K-1  novprovides  the  ground  for  the  ADI 
^d  SAI  power  warning  flags*    Uith  the  $round  applied^  these  flags  are 
biased  out  of  view* 

Circle  the  number  preceeding  the  following  true  statements* 
1.     After  two  minutes  of  operation  78V  AC  is  applied  to  the  malfunction 


2,  If,  after  two  minutes  of  operation  26V  AC  and  valid  pitch  and  roll 
signals  are  applied  to  the  malfunction  detector,  relay  IC-38  will 
energise  4 

3,  Relay  K-38,  when  energized,  causes  ttie  AUX  ATT  light  to  come  on, 

4,  Relay  K-1  in  the  Instrument  Set  CoufUr  provides  the  ground  to 
bias  the  power  warning  flags  out  of  view. 

Answers  to  Frame  6: 
1,    26     2*  ECA 


detector* 


Frame  o 


150TE:    This  Framfe  provides  tracing  Instructions. 

1.  Use  a  green  pencil  to  trace  the  26V  AC  from  the  upper  left  of 
the  ECA  through  contacts  of  relays  K-6  and  K-7  into  the  DGP. 

NOTE:    The  two-minute  time  delay  relay  Is  now  deenergized.  Continue 
tracing  through  the  contacts  of  the  relay  to  the  erection  torquers* 

2.  From  the  tie  point  located  to  the  right  of  the  top  relay  contact, 
trace  In  green  (parallel  to  the  red)  to  the  malfunction  detector. 

3.  In  the  ECA*  trace  the  output  leads  (bottom  of  the  malfunction 
detector)  down  to  relay  K-38  to  show  that  the  relay  is  energized.  (Trace 
the  contacts  to  the  down  position.) 

4.  Using  green,  trace  parallel  to  the  red  from  the  DC  Bus  to  the 
contacts  of  relay  K-38»    Continue  through  the  down  contacts  of  K-'38 
through  K-1  in  the  Instrument  Set  Coupler  to  ground.    Draw  the  contacts 
of  K-1  down  (energized). 

5.  Trace  from  ground  through  the  contac^"  of  the  energized  relay 
K-'l,  to  the  following: 

a*      Top  contacts:    trace  out  pin  V  of  PI  through  the  Mlsc 
Switch  Panel  to  the  power  warning  flag  In  the  ADI. 

NOTE:    When  the  PRI-AUX  switch  In  the  Misc.  Switch  Panel  Is  In  AUX 
(as  shown) »  the  ground  to  bias  the  ADI  power  warning  flag  out  of  view» 
Is  provided  by  the  Instrument  Set  Coupler^    If  the  pilot  Is  operating 
in  the  Primary  position  and  the  ADI  Is  receiving  attitude  signals 
from  the  IBNS»  ground  to  bias  the  flag  out  of  view»  Is  provided  by 
K-1  In  the  Misc.  Switch  Panel. 

b.      Bottom  contact:    trace  out  pin  jj  of  P2  directly  to  the 
SAI  to  the  power  warning  flag. 


NO  RESPONSE  REQUIRED 


Answers  to  Frame  7: 
1.    Q      3.  Q 
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Frame  9 


than  the  system  (after  two  minutes)  is  operating  aornially,  we 
11  consider  that  the  DGP,  pitch  and  roll  synchros  are  providing  valid 
^'^d  accurate  signals  to  the  two  indicators  (ADI  and  SAI) . 

Use  a  yellow  pencil  to  trace  the  pitch  and  roll  outputs  of  the  DGP 
^  instructed  below. 

X.      Trace  from  the  stator  of  both  the  pitch  and  roll  synchros  out 
oins  10>  13>  14  and  15  into  the  ECA.    Trace  the  pitch  output  to 

stator  of  the  pitch  synchro  B6^.    Trace  the  roll  output  to  the 
5cators  of  roll  synchro  B5. 

2.  Note  Che  parallel  paths  of  both  the  pitch  and  roll  outputs  which 
are  applied  to  the  malfunction  detector.    Trace  these  pitch  and  roll 
signals  (above  synchro  B5  and  B6)  to  the  left  into  the  malfunction 
detector, 

NOTE:    In  the  event  that  any  one  of  the  three  pitch  and  roll 
stator  leads  to  the  malfunction  detector  is  broken  or  the  signal 
is  not  valid>  the  detector  will  cause  relay  to  be  deenergized. 

K-38>  in  turn,  will  cause  the  AUX  ATT  light  to  come  on  and  the 
power  warning  flags  to  come  into  view* 

3.  Continue  tracing  with  yellow >  off  of  the  rotors  of  B5  and  B6 
into  amplifier  Al  and  A2»    Trace  the  parallel  lead>  off  of  the  rotor  of 
both  the  pitch  and  roll  signal^  into  the  malfunction  detector*  Continue 
with  the  amplifier  signal  to  the  two  motors.    Trace  the  two  servo  loops. 

a*     From  each  motor»  trace  the  mechanical  linkage  to  the 
rotors  of  output  synchros  Bl  and  B2* 

b.      Trace  the  motor  mechanical  linkage  to  the  generator 
dampening  outputs  back  to  the  amplifiers • 

c*     Trace  the  mechanical  linkage  back  to  the  rotors  of  B5  and 
B6  to  null  out  the  signal. 

4*     Trace  the  outputs  from  the  stators  of  Bl  and  B2  out  of  the 
ECA  into  both  the  ADI  and  SAI*    Trace  the  pitch  and  roll  servo  loops 
in  both  indicators  to  show  that  both  indicators  indicate  pitch  and  roll 
attitude* 


NO  RESPONSE  REQUIRED 
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Frame  10 


After  prolonged  turns  or  excessive  maneuvers,  the  gyro  may  not  have 
remained  erect.  A  fast  erection  switch  is  provided  on  the  Misc.  Display 
Panel  to  provide  for  fast  erection.  Depressing  this  switch  provides  the 
ground  to  energize  relay  IC-3  in  the  EGA,  Refer  to  the  illustration  below 
and  visually  trace  the  ground,  through  the  fast  erection  sw^.tch  to  relay 
K-5  in  the  ECA.  With  the  contacts  of  relay  K-5  down  (as  shown)  78V  AC 
from  the  DGF  has  a  path  through  these  contacts  to  the  erection  torquers. 
Follow  the  arrows  to  determine  the  path  of  current  flow  to  the  torquers* 


Complete  the  following  statement  by  underlining  the  correct  answer 
shown  in  parentheses. 

1.  The  fast  erection  switch  is  located  on  the  (DGP,  Misc.  Display 
Panel). 

2.  When  the  fast  erection  switch  is  depressed,  relay  (K-5,  K*6,  K-7) 
is  energized. 

3.  Depressing  the  fast  erection  switch  causes  (6.3,  26,  78)  VAC 
to  be  applied  to  the  erection  torquers « 


1778 

3A 


I70h 

Frame  ix 


Use  a  purple  pencil  to  trace  the  fast  erection  circuit. 

1.      In  HO-403A,  trace  from  ground,  left  of  pin  N  on  PS14  of  Misc* 
Display  Panel,  through  the  fast  erection  switch,  out  pin  M*  Continue 
tracing  to  relay  K*S  in  the  ECA  to  28  7  DC  to  energize  the  relay* 

2*      Trace  the  relay  contacts  to  the  down  (energized)  position* 

3,      Trace  the  787  AC  in  the  DGP  out  of  8  of  Fl*    Trace  Into  the 
EGA,  at  pin  13  of  P2,  through  the  two  contacts  of  relay  K.-S*  Continue 
to  parallel  the  two  leads,  that  have  been  colored  green,  to  the  pitch 
and  roll  erection  torquers  in  the  DGP* 


NO  RESPONSE  MQUITtED 


Answers  to  Frame  10 

X.    Misc*  Display  Panel      2*    IC^S      3*  78^ 


35 


Frautte  12 


Recall  from  Section  A  that  *:he  device  used  to  sense  when  the  gyro 
is  not  level,  are  pitch  and  roll  sensors  Celecnrolycic  switches)-  These 
sensors  provide  -he  control  phase  to  the  pitch  and  roll  erection  torquers. 
Because  these  denrices  use  fluid  for  their  operation,  they  are  also  sensitive 
to  aircraft  turns  and  acceleration  forces.    During  aircraft  turns  or 
periods  of  acceleration,  the  fluid  in  the  sensors  will  displace  from  center 
causing  the  pitcZn  and  roll  torquers  to  start  operating  even  though  the 
gyro  is  not  out  of  level*    If  at  this  time  the  voltage  to  the  torquers  i- 
not  reduced,  nhe  torquers  will  precess  the  gyro  to  a  false  level* 

Circle  the  number  preceeding  the  true  statements  below* 

1*     Pitch  and  roll  electrolytic  switches,  sense  that  the  aircraft  is 
accelerating  or  turning* 

2-     Aircraft  turns  and  acceleration  affect  the  torquers  as  if  the  gyro 
was  not  level* 
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Frame  I3 


le 

^itiv, 
nter 
is 


to 
are 

or 


Xo  reduce  falsa  erection^  two  sensors  (turn  and  acceleration)  are  used 
sense  when  the  aircraft  is  acceleration  or  turning*    These  two  sensors 
electrolytic  switches  containing  fluid*    Whenever  the  aircraft  turns 
acc&l^^^^^^  the  fluid  is  displaced  from  center  to  provide  a  ground 


^^ch  energizes  relays  K-6  and  Relays  K-6  and  K-7  are  located  in 

he  ECA*    When  energized  these  relays  reduce  the  erection  torquer  voltage 
froo  26V  AC  to  6*5V  AC*    Reducing  the  erection  torqutr  voltage,  reduces 
che  amount  of  false  erection*    Refer  to  H0-403A  and  visually  trace  from 
jjje  two  sensors  to  relays  K-6  and  K-*?*    Note  that  when  these  relays  are 
energi^^^  by  the  sensors,  the  lower  contacts  provide  the  path  for  6*5V  AC 
£0  be  applied  to  the  torquers* 


1* 
3* 


Circle  the  number  preceeding  the  true  statements  below* 

False  erection  Is  reduced  by  acceleration  and  turn  sensors* 

acceleration  and  turn  sensors  are  electrolytic  switches* 

During  aircraft  acceleration  or  t\.nis  the  sensors  energize 
in  the  ECA- 


During  acceleration  and  turns  the  erection  torquers  receives  78V  AC* 
Answers  to  Frame  12; 

©  © 
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Frame  *  14 


Use  a  brown  pencil  to  trace  the  false  erection-reduction  circuit, 

1*     Trace  from  the  two  grounds  through  the  turn  accelerosneter  sensor 
and  the  accelerometer  sensor  out  pin  9  and  16  of  PI  on  the  DGP,  Continue 
into  the  ECA  to  and  through  relays  and 

2,  Trace  the  contacts  of  K-6  and  K-7  to  the  down  (energised) 
positions « 

3,  Trace  the  6,5V  AC  through  the  down  contacts  of  K-6  and  K-7 
through  the  up  contacts  of  relay  K-5,    Continue  to  parallel  the  two  leads, 
which  have  already  been  traced  purple  and  green,  to  the  pitch  and  roll 
erection  torquers* 


NO  RESPONSE  REQUIRED 


Answers  to  Frame  13: 


Q  Q     3,  A, 
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Frame  15 

Located  at  the  base  of  the  ADl^  is  a  rate  of  turn  pointer*    This  pointer 

controlled  by  the  rate  gyro  transmitter  located  above  the  ADI  on  HO*403A* 

TAtion  of  the  rate  of  turn  pointer  was  covered  in  the  Bank  and  Turn  PT* 
Ope*  ^ 


Use  a  blue  pencil  to  trace  the  rate  of  turn  circuitry* 


Trace  from  the  bridge  network  in  the  Rate  Gyro  Transmitter, 
out  pin^  C  and  0  o£  P9* 

2*      Trace  from  pins  C  and  0  Into  the  ADI  to  the  rate  of  turn  meter 
Q(yvemenc* 

NO  RESPONSE  REQUIRED 


i; 
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nil. 

Frame  16 


Refer  to  H0-403A  and  note  that  the  AC  power  from  the  AC  power  panel 
mui:t  pass  through  the  contacts  of  the  APRS  Power  Relay  K-l  before  entering 
the  ECA*    This  relay  is  energized  when  the  GYRO*OFF  switch  on  the  ground 
check  panel  is  positioned  to  OFF,    When  this  relay  is  energized,  no  power 
is  applied  to  the  gyros.    This  switch  is  positioned  to  OFF  when  it  is 
necessary  to  have  power  applied  to  the  system  but  not  necessary  for  the 
gyros  to  bfi  in  opfiration. 

Complete  the  following  statements  by  underlining  the  correct  answer 
shown  in  parentheses. 

The  GYRO-OFF  switch  is  located  on  the  (DGP,  Ground  Check  Panel), 

2,      When  the  GXRD-OFF  switch  is  in  the  (GYRO,  OFF)  position  power 
is  applied  to  gyros* 

3»      Power  is  removed  from  the  gyros  when  the  APRS  Power  Relay  K-l 
(is,  is  not)  energized. 
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After  completion  of  this  text  check  the  master  diagram  to  determine 
l£  you  have  traced  the  circuits  correctly, 

j^5wers  to  Frame  16: 

Ground  Check  Panel     2.    Gyro     3.  is 

APPRAISAL 
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17 1 3        SECTION  B  -  CTRO  STABILIZED  MAGNETIC  COMPASS  SYSTEM 

Section  B  is  designed  to  teach  you  the  components >  component 
operation  and  modes  of  operation  of  the  Gyro  Stabilized  Magnetic 
Compass  System* 

SPECIAL  INSTRUCTIONS 

Illustrations  and  diagrams  from  pages  11  through  13  in  H0-A03 
will  be  used  with  this  section  of  the  text* 
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Frame  1  ^'^'^ 


The  AFRS  furnishes  both  attitude  and  heading  reference  signals 
the  indicators.    Now  you  will  cover  the  heading  portion,  which  is 
actually  a  Gyro  Stabilixed  Magnetic  Compass  System*    What  is  a  Gyro 
5cabil^^^*^  Hagnetic  Compass  System?    It  is  a  system  which  uses  a 
directional  gyro  (DG)  to  provide  heading  signals  to  an  Instrument 
^ich  indicates  aircraft  direction*    Because  the  DG  drifts  due  to  the 
earth's  rotation,  the  DG  heading  output  signal  would  be  inaccurate  If 
jxot  corrected*     This  error  is  compensated  for  by  a  direction  sensing 
^mponent  that  senses  the  north-south  direction  of  the  earth's  magnetic 
field*    This  sensing  unit  produces  a  signal  that  maintains  the  gyro  at 
its  original  reference  position,  thereby  correcting  for  drift.  The 
sensing  unit,  by  correcting  for  drift  Is  in  a  sense  referencing  the 
pg  CO  the  earth*s  lt*S  magnetic  field.    Therefore,  the  input  to  the 
indicator  is  a  Gyro  Stabilized  Magnetic  heading  signal* 

NO  RESPONSE  REQUIRED 

Prame  2 

The  major  components  of  the  compass  system  are  the  Displacement 
Cyro,  Electronic  Control  Amplifier,  Compass  System  Controller  and  Remote 
Cdmpass  Transmitter,    You  may  recall  from  Frame  1  of  Section  A  that 
these  components  are  the  same  as  the  components  of  the  complete  Auxiliary 
Flight  Reference  System,    When  covering  the  attitude  portion  of  the  AFRS, 
we  learned  how  the  Displacement  Gyro  and  Electronic  Control  Amplifier 
affected  the  Attitude  Reference  System*    These  two  components  will  be 
covered  again  with  the  addition  of  the  Remote  Compass  Transmitter  and 
Compass  System  controller.    Three  indicators  that  can  receive  heading 
outputs  from  the  Compass  System  are  the  Bearing  Distance  Heading  Indicator, 
Horizontal  Situation  Indicator  and  the  Attitude  Director  Indicator, 

Study  the  block  diagram  on  page  11,  HO-403,  to  become  familiar  with 
the  components,  subcomponents,  and  indicators  in  the  complete  Gyro 
Stabilized  Compass  System, 

From  the  block  diagram  on  page  11,  HO-403,  list  the  following  in 
the  spaces  provided: 

1,  The  major  components  of  the  Gyro  Stabilized  Compass  System- 

2,  Indicators  which  receive  heading  signals  from  the  compass  system, 
1-      a*  2*  a,   

b»  b.   

c-  ,  c.  

d. 


"  17S7 


Frame  3 


The  first  component  that  will  be  covered  is  the  Displacement 
Gyroscope*    The  previous  section  stated  that  the  displacement  gyro 
package  has  a  vertical  gyro  with  its  spin  axis  maintained  perpendicular 
to  the  earth.    The  function  of  the  VG  is  to  provide  pitch  and  roll 
(attitude)  signals*    The  same  displacement  gyro  package  also  contains 
a  directional  gyro  (DG)*    Its  spin  axis^  must  be  maintained  parallel  to 
the  earth*    The  function  of  the  DG  is  to  produce  accurate  heading  outputs 
which  are  used  to  indicate  aircraft  direction. 

Study  the  drawings  below,    Notice  that  the  aircraft  has  changed 
direction  (figure  B)  but  the  gyro  held  a  fixed  position  and  the  indicator 
indicates  the  new  aircraft  heading. 


Mark  the  following  statements  True  (T)  or  False  (F). 

 ^1*  The  Vertical  Gyro  produces  heading  signals, 

 1,  As  the  aircraft  turns >  the  iX?  holds  a  fixed  position, 

 ^3.  Signals  produced  by  the  DG  represent  aircraft  heading, 

 ^4*  The  DG  must  have  a  vertical  spin  axis, 

 ^5*  The  spin  axis  of  the  DG  is  held  parallel  to  the  earth* 

Answers  to  Frame  2:  1,      a*      Displacement  Gyro 


b.  Electronic  Control  Amplifier 

c.  Remote  Compass  Transmitter 
d*  Compass  System  Controller 

2,      a.  Horizontal  Situation  Indicator 

b«  Bearing  Distance  Keading  Indicator 

c»  Attitude  Director  Indicator 
44 


A 


B 


Frame  4 


ar 


3 

puts 
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Like  the  VG,  the  DG  also  must  be  leveled  to  produce  an  accurate 
gfetence  signal.    This  is  accomplished  through  the  DG  leveling  sonsor 
ffgveling  pick  off).    This  leveling  sensor  is  mounted  between  the  DG 
Innet        ^^^er  gimbal.    It  consists  of  two  transfonner  windings  vith 
ne  winding  attached  to  each  gimbai.    When  the  DG  Is  level,  figure  A, 
%ete  is       voltage  output  to  the  torquer  because  one  coil  will  not 
induce  a  voltage  into  another  coil  that  is  positioned  90  degrees  to 
If  the  DG  drifts  or  moves  away  from  level,  figure  B,  the  angle 
^giationship  between  the  two  coils  of  the  transformer  change.    As  the 
gj^e  changes,  a  voltage  is  induced  ir  the  secondary*    The  direction 
jrotor  and  coil  move  will  determine  the  polarity  of  the  voltage, 
Xiiis  output  is  amplified  and  sent  to  one  phase  of  the  torque  motor, 

other  phase  of  the  motor  is  a  fixed  phase.    The  voltage  to  the  torque 
pocor  tries  to  turn  the  gyro  which  causes  it  to  tilt  until  it  is  level* 
When  the  gyro  is  level,  the  transformer  windings  are  perpendicular  (90 
degrees)  to  each  other  and  no  voltage  is  induced. 

Study  the  drawings  below  to  determine  how  this  leveling  of  the  DG 
takes  place* 


AC  ^ 


DG  SPIN  AXIS 
MOT  PAttAllEl 
fO  fH£  Ea«TH 


Figure  A, 
Directional  Gyro  Level 
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ciompXete  the  statements  below  by  underlining  the  correct  answer* 

1*      To  be  accuratet  the  directional  gyro  spin  axis  is  kept 
(perpendicular t  horizontal)  to  the  earth* 

2*     The  DG  leveling  sensor  output  Is  applied  to  the  (torque 
motoTt  gyro)  motor* 

Answers  to  Frame  3: 

I,    F     2*    T     3-    T     4,    F     5*  T 


1790 


Frame  5 


When  the  directional  gyro  is  operating  and  leveled,  rigidity  causes 
it  Co  hold  a  fixed  position^    As  the  aircraft  turns,  the  displacement 
gyro  case  turns  with  the  aircraft,  while  the  gyro  and  the  outer  gimbal 
hold  a  fixed  position.    Refer  to  page  12  in  HO-403  to  locate  and  deter- 
mine the  relationship  between  the  gyro,  outer  gimbal,  and  displacement 
gyro  case*    Any  change  in  aircraft  direction  (heading)  will  be  sensed 
by  a  synchrotransmitter  located  between  the  outer  gimbal  and  case 
(refer  to  diagram).    The  displacement  between  the  rotor  and  stator  of 
the  synchrotransmitter,  produces  a  change  in  the  electrical  output  on 
the  rotor,  which  is  transmitted  to  the  Electronic  Control  Amplifier 
(ECA)»    The  ECA  amplified  output  operates  the  directional  indicator* 
Study  figures  A  and  B  on  page  12  of  H0'403  and  note  the  relationship 
between  outer  gimbal  and  the  case  before  and  after  a  turn*    Also  note 
the  heading  change  on  the  indicator. 

Complete  the  following  statements  by  underlining  the  correct 
answer  (s) » 

1.  Changes  in  aircraft  heading  are  sensed  by  (a  leveling 
sensor,  a  synchrotransmitter)*  ^ 

2.  When  the  aircraft  changes  its  heading,  the  (outer  gimbal, 
case)  turns  with  it» 

3.  Outputs  from  the  synchrotransmitter  are  sent  to  the 
(displacement  gyro,  electronic  control  amplifier) » 

Answers  to  Frame  4: 

1*    horizontal  or  parallel     2.    torque  motor 


1^- 


1 


'm 

Jrame  6 

The  heading  reference  signal  from  the  Directional  Gyro  (DG) 
to  the  Electronic  Control  Amplifier*    The  Electronic  Control  Ampi^f/V 
also  receives  heading  reference  signals  from  the  remote  compass  tranl^i 
mitter*    So  we  have  two  heading  reference  signals  fed  into  the  Ele^*^ 
Control  Amplifier*    How  these  signals  are  used  is  determined  by  the  g 
System  Controller*    The  compass  system  controller  controls  and  monit^S! 
the  compass  system  (heading  reference)*    It  has  a  selector  switch  tjJhIJi 
controls  relays  in  the  electronic  control  amplifier*    When  a  switch 
position  is  selected^  the  amplifier  will  process  the  appropriate  sia 
amplify  it  and  transmit  it  to  the  indicators  or  other  components  in  thi'- 
system* 


^^^^ 


Study  the  drawing  below  to  determine  what  two  signals  are  sent  ti? 
Electronic  Control  Amplifier  and  what  controls  the  use  of  these  slg 


GYRO  SJGNAL 


ftEMOTG  COMPASS 
TRANSMITTER 


MAGNETIC  SIGNAL 


COMPASS  SYSTEM 
CONTROLLER 


ELECTRONIC  CONTROL 
AMPLIFIER 


BEARING  OlSTAMQit 
HEADING  JNOICAlbtV 


Mark  the  statements  below  True  (T)  or  False  (P)  * 

1*     The  compass  system  controller  is  a  switch  panel. 


_2*     The  signals  are  routed  through  the  Electronic  Control 
Amplifier  to  the  compass  controller* 

3*      The  Remote  Compass  Transmitter  produces  a  magnetic  heading  signal*' 


_4*     The  heading  signal  is  processed,  amplified  and  sent  to  the 
Bearing  Distance  Heading  Indicator* 


Answers  to  Frame  3: 

1*    a  synchrotransmitter     2*    case     3*    electronic  control  amplifier 
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Frame  7 


The  Compass  Syscem  ConCroller  (CSC)  is  located  in  the  cockpit  and 
enables  the  pilot  Co  control  and  monitor  the  compass  system.    On  the 
lower  center  of  the  controller  is  the  mode  selector  switch  used  to 
select  a  particular  mode  of  operation  for  specific  flight  conditions. 
Above  the  mode  selector  switch  is  a  "Sync  Indicator"  which  indicates  to 
the  pilot  if  the  system  signals  are  synchronized  or  not  (center  position 
means  synchronized  and  that  the  indicator  Is  indicating  correctly).  On 
the  left  is  a  'heading'*  set  knob  which  enables  Che  pilot  Co  set  the 
indicator  compass  card  to  any  indication  desired.    To  the  right  of  the 
mode  selector  switch  is  a  "Latitude  Correction  Knob"  used  in  the  DC  mode 
to  set  the  amount  of  correction  required  for  apparent  drift.    It  is  set 
to  the  latitude  Chat  the  aircraft  is  flying.    Above  the  latitude  correction 
knob  is  a  H  -  S  hemisphere  selector  switch  used  in  the  DC  mode.    It  is 
positioned  to  che  hemisphere,  either  N  or  S,  that  the  aircraft  is  flying 
in* 

Study  the  drawing  below  to  become  familiar  with  the  switches  and 
indicators  on  the  Compass  Controller- 


Match  Che  component  function  to  its  name. 


1, 

Is  set  to  a  particular  latitude. 

a. 

Mbde  selector  switch 

2, 

Tells  when  the  indicators  are 
reading  correctly* 

b. 

Hemisphere  selector 
switch 

3, 

Placed  in  the  "N"  position 
above  the  equator* 

c* 

Heading  set  knob 

4, 

Set  for  a  particular  method 
of  operation* 

d* 

Latitude  correction 
■  knob 

5. 

Rotates  the  compass  card  to  a 
desired  heading. 

e. 

Synchronization 
indicator 

Answers  Co  Frame  6:    _T  I,   F_  2.   T_  3.   T_  4, 
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Frame  8 


A  "HiiDute  Compass  Transmitter**  furnishes  a  magnetically  induced 
electrical  heading  signal  to  the  Electronic  Control  Amplifier,  "^is 
component  is  the  system  magnetic  direction  sensing  unit*    Its  magnetic 
heading  output  is  used  to  prevent  gyro  drift*  or,  when  applied  to  the 
indicatorSi  to  give  aircraft  magnetic  heading*    It  consists  of  three 
plck-'up  coils  which  resemble  synchrostators*    These  coils  sense  the 
North-South  direction  of  the  earth's  magnetic  field*    The  compass  trans- 
mitter is  mounted  with  one  pick*-up  coil  on  the  aircraft  longitudinal 
axis.    As  the  aircraft  turns,  the  pick-u-^  ''^.bils  turn,  changing  the 
direction  that  the  earth's  magnetic  fielu  wts  the  coils*    The  amount 
the  aircraft  turns  will  determine  the  amount  of  change  in  the  output 
of  the  colls*    The  changing  output  represents  the  amount  of  change  in 
aircraft  heading  (direction)* 

Study  the  drawings  below  to  determine  where  the  transmitter  is 
located  and  how  the -angle  of  the  plck-^up  coiXs  in  relation  to  the 
earth *s  magnetic  field  determines  the  voltage  output  signal. 


N 

AitClAFT  nVNG  AT 
A  CONUANT  HfAONO 


tTO#  VJfW) 

fKK  uf  con**' 


AFftS  COMPASS  TBANSMITTER  t^  '* 
ilOCATCD  TOP  OJ^  VERTICAL  STABILIZER 


N 

AMtC>AFT  ChANGf^  HtAOlNG 

{90*  TO  i>OHr  I  snon 


HEAONG 


Mark  tha  statements  be^ow  True  (T)  or  Fal^e  (P) 
1* 


The  remote  compass  transmitter  senses  the  direction  of  the 
earth^s  magnetic  field* 


2*      The  remote  compass  transmitter  is  ^ocated  in  the  cockpit. 


One  leg  of  the  transmitter  is  positioned  on  the  longitudinal 
axis  OL  the  aircraft* 


4* 


The  position  of  the  pick-up  colls  does  not  effect  the  output 
signal* 


Answers  to  Frame  7;      d  1* 


e  2* 


b  3- 


a  4* 


c  5* 
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Frame  9 


The  aexc  compoaenc  Co  be  considered  is  the  Bearing  Distance  Heading 
Indicator  (BDHI) ,    This  indicator  presents  heading  Information  to  the 
copilot.    The  signal  to  the  indicator  is  produced  by  the  Auxiliary  Flight 
Reference  System  (ATRS).    This  signal  is  processed  and  amplified  in  the 
Electronic  Control  Amplifier  (EGA)  before  being  applied  to  the  BDHI. 
The  output  of  the  EGA  is  applied  to  a  closed  servo  loop  which  consists 
of  a  control  transformer  that  receives  the  signal,  an  amplifier,  a 
motor  generator  which  mechanically  operates  the  dial  or  compass  card 
and  nulls  out  the  signal.    The  generator  produces  a  signal  for  damping 
the  motor  operation*    The  compass  card,  which  indicates  aircraft  direction 
throughout  360  degrees,  is  read  against  a  fixed  lubber  line  at  the  top  of 
the  indicator. 


EIECTRONIC 
CONTIOI 


[IOhI 


Refer  to  the  illustration  and  mark  the  statements  below  either 
True  <T)  or  Fals^  <F) . 


^1*      The  heading  signal  from  the  Electronic  Control  Amplifier 
goes  to  the  sjmchrorotor. 


_2.     The  signal  from  the  rotor  is  amplified  to  drivft  a  motor 
generator. 


^3.     The  generator  provides  a  voltage  to  null  out  the  input 
signal. 


_4.     The  mechanical  linkage  repositions  the  sjmchrorotor 
and  rotates  the  compass  card  to  the  new  heading. 


Answers  to  Frame  8:      T  1.      F  2.       T  3,       F  4. 
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Frame  10 

The  HorizontaX  Situation  Indicator  (HSI)  is  the  pilot's  directional 
indicating  instrument »    It  is  not  a  major  component  of  the  Auxiliary 
Flight  Reference  System  (AFRS)i  but  receives  heading  input  signals  from 
the  APRS  in  the  event  of  a  malfunction  of  the  Inertial  Bomb  Nav  System 
(IBKS)  that  serves  as  the  primary  signal  source  of  the  HSI»    The  HSI 
also  receives  heading  inputs  from  the  AFRS  if  the  Flight  Instrument 
Reference  Switch  (Prim-Aux  switch),  in  the  cockpit,  is  in  the  '*AUX'* 
position*    Study  the  block  diagram  on  page  13  of  HO-^AOS*    The  arrows 
show  rhe  direction  of  signal  flow.    The  direction  the  aircraft* is  flying 
is  read  against  the  fixed  lubber  line  (top  of  the  indicator),  and  the 
miniature  aircraft  symbol  (in  the  center  of  the  indicator) »    A  rotating 
compass  card  displays  the  degree  of  aircraft  heading.    The  internal 
circuitry  to  drive  the  HSI  compass  card,  is  the  same  as  that  covered 
in  the  BDHI  operation* 

1*      Complete  the  following  statements  by  underlining  the  correct 
answer  (s )  * 

a.      The.  (IBNS,  AFRS)  is  the  primary  source  of  heading 
information  to  the  HSI» 

b*     When  the  Flight  Instrument  Reference  Switch  is  in 
(PRIM,  AUX),  heading  inputs  to  the  HSI  are  from  the  Auxiliary  Flight 
Reference  System* 

2.      Identify  the  following  units  by  placing  the  number  from  the 
diagram  in  the  space  provided  on  the  left* 

a*      compass  card 

'    ^  b^      miniature  aircraft  symbol 

c*      lubber  line 


Answers  to  Frame  9;      F  1.       T  2»       F  3.       T  4» 
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Frame  11 


The  last  indicator  to  be  covered  f-T^a^  ,*-f  i 

is  in  the  AUX  position     H^^H^n.  f  Instrument  Reference  Switch 

(refer  to  pictS?:'b1i°o";)  L^'  s^^^f        |?  ^^T.V'  °"  ^^^^'^ 
symbol.    Under  normal  ooeratine  con^-f^-f     u       ""^"iature  aircraft 
information  to  the  ADI  L  the  IBNS    hut  ?n         ''^'^^  °^  ^^^^^^^g 

signals  to  Che  ADI  will       rece^vfd  5  ^^^""^  of  an  IBHS  malfunction, 

heading  iniormationio  tL  I^I H  ridlhe^^FRS  "'''/f  ^"^^^^^^^ 
information  to  the  BDHI.  the  pilot  h^^  Z\  s^%rto~V:r^s^"^ 

indicItSrnorth't'FlL"^:  f'^'"«  ^or.^.t.^  the  ADI 

and  the  Jl "^dLtiiHo  degJe^S/''  '''^^'^^  ''^'"^  '^^S'^^^ 


Complete  the  following  statements  by  underlining  the  correct 
answer,  ' 

1.  The  (IBNP,  AFRS)  is  the  primary  signal  source  to  the  ADI. 

2.  The  ADI  (is,  is  not)  a.  major  component  of  the  Auxiliary 
Flight  Reference  System. 

3.  Heading  information  is  supplied  to  the  ADI,  by  the  AFRS,  when 
the  Flight  Instrument  Reference  Switch  is  in  the  (PRIM,  AUX)  position. 

Answers  to  Frame  10:        1.      a,  IBNS 


b. 


AUX 


2. 


2 


b. 


3 


1 
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Frame  12 


Before  covering  che  operation  of  che  systeo;  in  each  mode,  let^s 
consider  the  purpose  or  function  of  ^ach  compass  system  controller 
selector  switch  position*    Th;*  Slaved  position  is  the  normal  operating 
mode.    It  .is  selected  when  the  aircraft  is  flying  in  an  area  where  the 
earth's  magnetic  lines  of  force  are  parallel  to  the  earth.    In  this 
mode  the  remote  compass  transmitter  is  used  to  correct  the  gyro  for 
apparent  drift.    This  makes  the  gyro  output  a  gyro  stabilized  magnetic 
heading  signal.    If  for  some  reason  the  DG  fails  or  its;  ouput  signal 
is  unreliable,  the  Compass  (Comp)  position  is  selected*    In  this  mode 
the  gyro  heading  signal  is  disconnected  and  the  remote  compass  trans- 
mitter is  the  sole  heading  reference.    In  regions  of  weak  or  unreliable 
earth's  magnetic  field  (such  as  above  70  degrees  latitude  or  within 
1000  miles  of  the  magnetic  pole)  the  DC  position  is  selected.  During 
the  DG  Or  free-^ro  mode,  the  displacement  gyro  is  supplying  the 
reference  to  changes  in  aircraft  heading. 

Match  the  correct  mode  of  operation  in  Coluinn  I  to  the  purpose 
of  each  mode  in  Column  IT. 

Column  X  Column  II 

a.  DG  1 >  Used  under  normal  flight  conditions. 

b.  Slaved  ,  2*  Used  as  an  emergency  mode. 

c.  Comp   3.  Used  near  the  equator. 


Selected  when  gyro  output  is  unreliable. 


5, 


Selected  above  70  degrees  latitude* 


6. 


Does  not  use  the  Compass  Xmtr  ^  a  reference. 


7. 


Is  a  gyro  stabilized  magnetic  compass  saode^ 


Answers  to  Frame  11;  1^ 


IBNS 


2. 


is  not 


3. 


AUX 
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Frame  13 

At  this  point  you  should  know  what  the  Gyro  Stabilisied  Compass 
System  does  and  what  components  it  consists  of.    The  Directional  Gyro 
is  a  stabilized  reference  that  uses  synchros  to  electrically  sense  the 
degree  of  aircraft  turn.    The  Remote  Compass  Transmitter  senses  the 
north-south  direction  of  the  earth's  magnetic  field  and  produces  an 
electrical  heading  (direction)  output  signal.    The  Electronic  Control 
Amplifier  receives  both  signals.    These  signals  are  amplified  by  the 
KA  and  the  position  of  the  Mode  Selector  Switch  on  the  Compass  System 
Controller  determines  what  the  EGA  does  with  the  signals.    The  outputs 
from  the  ECA  are  sent  directly  to  the  BDHI  and  to  the  HSI  and  ADI  if  the 
Flight  Instrument  Reference  switch  is  positioned  to  "AUX"  or  a  malfunction 
occurs  in  the  IBNS* 

Study  the  block  diagram  below  to  determine  signal  flow  throughout 
the  system. 
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Answers  to  Frame  12: 


a  5. 


a  6. 


b  7. 
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a9d 

Frame  14 

Match  the  components  and  subcomponents  in  Column  II  to  the  statements 
in  Column  I. 


Column  II 

a.  Compass  System  Controller 

b.  Displacement  Gyro  Package 

c.  Electronic  Control  Amplifier 
Remote  Compass  Transmitter 

e.      Bearing  Distance  Heading 
Indicator 


Column  I 

1*      Produces  heading  reference 
^  signals. 

 Amplifies  heading  signals 

^        before  they  are  applied  to 
the  indicators . 

 ^3,      Provides  a  means  for  con-* 

trolling  aiid  monitoring 
the  compass  system. 

^  Contains  vertically  and 

"  horizontally  mounted  gyros. 

 5.      Is  the  system^s  magnetic 

direction  sensing  unit. 

 ^6.      Receives  heading  signals 

directly  from  the  Electronic 
Control  Amplifier. 

 ^7,      Senses  <the  direction  of  the 

earth^s  magnetic  field* 

Complete  the  following  statements  by  underlining  the  correct  answers. 

8.     The  directional  gyro  spin  axis  is  maintained  (perpendicular, 
horizontal)  to  the  earth. 

9*      An  unlevel  condition  of  the  Directional  Gyro  is  sensed  by 
(electrolytic  switches,  a  leveling  pick-off  sensor). 

10.  When  the  aircraft  turns,  the  directional  gyro  (holds  a  fixed 
position,  turns  with  Zha  aircraft)* 

11.  Outputs  from  the  Displacement  Gyro  Package  are  transmitted 
(directly  to  the  indicators,  to  the  Electronic  Control  Amplifiers). 

12.  Outputs  from  the  Remote  Compass  transmitter  are  applied  directly 
to  the  (displacement  gyro  package,  electronic  control  amplifier). 
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Match  the  items  in  the  illustration  to  the  terms  or  statements 
below.    Letters  may  be  used  more  than  once. 


_13,  Heading  Set  Knob 

_14,  Hemisphere  Selector  Knob 

J.5,  Latitude  Correction  Knob 

16,*  Mode  Selector  Switch 

^17,  S)mchroni2ation  Indicator 

^18,  Placed  in  the  S  position  when  the  aircraft  is  flying  below 
the  equator, 

19*  Set  to  a  particular  mode  of  operation. 

20,  Set  to  the  latitude  the  aircraft  is  flying* 

,21,  Tells  when  the  indicators  are  reading  correctly* 

22,  Used  to  rotate  the  compass  card  to  a  desired  setting* 
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Match  the  mode  of  operation  in  Column  IX  to  the  purpose  or 
condition  of  each  mode  in  Column  I. 


Column  I 

_23.    Does  not  use  the  compass  transmitter 
as  a  reference. 

_24.    Is  a  gyro  stabilized  magnetic 
compass  mode* 

_25.    Selected  above  70  degrees  latitude. 


26^    Selected  when  the  gyro  output  is 
unreliable* 

^1 ,    Used  as  an  emergency  mode* 

^28.    Used  near  the  equator. 

^29.    Used  under  normal  flight  conditions. 


Column  II 
a*  Comp 

b.  DG 

c.  Slaved 


Answers  to  Frame  14:       d    1>         c    2,         a    3>         b    4>         d  5. 

e    6>         d    7>      8.    horizontal     9.    a  leveling  pick-off  sensor 
10.    holds  a  fixed  position     11.    to  the  Electronic  Control  Amplifier 
12.    electronic  control  amplifier        a   15 >        e    14 >         d    15 > 

b    16.         c    17.         e    18.         b    19.         d    20.         c    21.         a  22, 


b  23. 


c  24. 


b  25. 


a  26. 


a  27. 


c  28. 


c  29. 


If  you  have  missed  any  questions  in  Frame  14,  return  to  the  appro- 
priate frame  to  insure  a  complete  knowledge  of  the  materials  presented 
in  section  B.    After  you  have  reviewed  this  section,  ask  your  instruc- 
tor for  the  Appraisal  for  Section  B. 
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SECTION  C  -  GYRO  STABILIZED  MAGNETIC  COMPASS  SYSTEM 


Section  C  Is  designed  to  give  you  a  better  understanding  of  the 
compass  system  operation  and  prepare  you  to  use  the  wiring  diagrams 
for  troubleshooting  the  system.    Each  mode  cf  operation  in  the  compass 
system  will  be  covered*    The  diagrams  used  for  a  particular  frame  have 
been  simplified  so  that  only  the  circuitry  for  the  mode  of  operation 
being  explained  is  shown. 

PART  I  -  Modes  of  Operation 

SPECIAL  INSiaUCTIONS 

Because  of  the  importance  of  material  in  each  frame^  you  must 
have  a  thorough  understanding  of  each  frame  before  you  proceed  to 
the  next  frame'.    Read  the  frames  again  whenever  you  feel  that  you 
do  not  have  a  complete  understanding  of  the  material  presented. 

Illustrations  and  diagrams  from  pages  14  through  20  of  HQ-^403 
will  be  used  with  this  section  of  this  text. 
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Frame  1 


An  understanding  of  system  operation  by  modes  is  necessary  to  aid 
in  learning  operational  checks  and  troubleshooting  procedures.    The  first 
mode  that  will  be  covered  is  the  **DG*'  mode.    This  mode  is  used  above 
70  degrees  latitude  where  the  earth's  magnetic  lines  of  force  are  not 
parallel  to  the  earth.    Normally  the  Remote  Compass  Transmitter  furnishes 
a  signal  to  correct  for  gyro  drift.    But  in  the  "DG"  mode,  another 
method  mAist  be  used  because  the  Compass  Transmitter  signal  is  not  reliable 
above  70  degrees  latitude.    Remember,  the  amount  of  drift  varies  with  the 
latitude  the  aircraft  is  flying,    (0  drift  at  the  equator,  maximum  drift 
at  the  poles.)    If  the  gyro  drift  is  not  corrected,  the  heading  reference 
signal  to'  the  indicators  would  be  in  error.    The  apparent  drift  correction 
used  in  Lhe  **DG'*  mode  is  set  by  the  **Latitude  Correction  Knob"  on  the 
Compas'i  System  Controller*    Refer  to  the  drawing  below  to  determine  the 
location  of  the  Latitude  Control  Knob* 


Complete  the  statements  below  by  underlining  the  correct  answer, 

1,  The  DG  mode  is  used  near  the  (equator  -  poles). 

2,  The  degree  of  gyro  drift  varies  with  the  (latitude  -  longitude) 
the  aircraft  is  flying. 

3,  Above  70  degrees  latitude,  the  remote  compass  transmitter 
(can     cannot)  be  used  as  a  reference, 

4,  In  the  DG  mode,  gyro  drift  is  controlled  by  setting  the 
(compass  transmitter  -  latitude  control  knob), 

5,  The  remote  compass  transmitter  Is  used  as  a  heading  reference 
when  the  earth's  magnetic  fi*ld  is  (parallel  ^  perpendicular)  to  the 
earth. 
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Frkme  Z 

Refer  to  the  schematic  on  page  14  of  .HO-403.    Notice  that  the  Mode 
Selector  Switch  on  the  Compass  Controller  is  in  the  DG  position.  The 
Hemisphere  Selector  Switch  is  in  the  **N"  position,  indicating*  that  the 
aircraft  would  be  flying  in  the  northern  hemisphere.    Since  apparent 
drift  is  equal  and  opposite  in  the  southern  hemisphere,  the  "S"  position 
would  be  selected  when  crossing  the  equator.    The  '*NS'*  Hemisphere  Selector 
Switch  establishes  the  polarity  of  the  drift  correction  signal  applied  to 
the  Slaving  Tcrquer  (ST)  In  the  displacement  gyro'.    Visually  trace  the 
correction  signal  from  the  Latitude  Control  Knob  Potentiometer  to  the 
Slaving  Torquer  (ST).    This  signal  is  a  predetermined  value  depending  on 
the  setting  of  the  Latitude  Control  Knob.    The  voltage  from  the  Latitude 
Control  Knob  Potentiometer  is  applied  to  the  ST,  causing  the  gyro  ro 
precess  at  a  rate  equal  and  opposite  to  the  rate  of  apparent  drift.  If 
the  gyro  is  precessed  equal  and  opposite  to  the  rate  of  apparent  drifts 
the  gyro  will  hold  a  fixed  position. 

Referring  to  the  schematic  on  page  14  of  HO-*403»  complete  the 
statements  below  by  underlining  the  correct  answer. 

1.  Under  conditions  shown^  the  Mode  Selector  Switch  is  In 
the  (Comp,  Slave,  DG)  position. 

2.  The  Hemisphere  Selector  Switch  is  set  to  the  (North,  South) 
hemisphere. 

3.  The  Latitude  Selector  Control  has'  been  set  to  (60,  70, 
80,  90)  degrees. 

4.  The  "Comp'*  relay  in  the  Electronic  Control  Amplifier  is 
(energized,  deenergized) . 

5.  The  correction  voltage  to  the  Slave  Torquer  originates  at 

the  (tfode  Selector,  Latitude  Control  Potentiometer,  Directional  Indicator). 

6.  Gyro  drift  is  cancelled  by  causing  the  Slave  Torquer  to 
precess  the  DG  in  the  (same  direction,  opposite  direction)  'of  gyro 
drift. 

7.  The  unit  that  reverses  the  polarity  of  the  Slave  Torquer 
input  is  the  (Mode  Selector,  Hemisphe-re  Selector  Switch,  Latitude 
Control  Knob) . 


Answers  to  Frame  1:  1.  Poles  2.  Latitude  3.  cannot 
4.    Latitude  Control  Knob      5.  Parallel 
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Frame  3 

Now  that  we  have  the  DG  holding  a  fixed  position^  the  heading 
synchro  (Hdg  CX)  in  the  displacement  gyro  will  produce  an  accurate 
heading  output  signal  whenever  the  aircraft  changes  direction*  This 
signal  is  transmitted  to  the  Electronic  Control  Amplifier  (ECA)  where 
it  is  processed  and  amplified  before  being  sent  to  the  directional 
indicators.    Referring  to  page  14  of  H0-403»  visually  trace  the  signal 
flow  from  the  HBG  CX  in  Che  displacement  gyro«  to  the  ECA  and  apply 
It  through  the  contacts  of  the  COMP  relay  to  the  synchro  differential 
(CDX).    From  the  rotor  of  the  CDX»  the  signal  goes  to  the  control 
transformer  of  the  ^'Heading  Follow-Up  Servo  Module,"    The  module 
consists  of  a  closed  servoloop.    Signals  applied  to  the  CT  are  amplified 
and  applied  Co  the  motor  generator  (MS)*    The  MG  mechanically  repositions 
the  rotors  of  the  CT  and  TX  (heading  output  transmitter)  through  mechanical 
linkage*    Repositioning  the  CT  rotor  nulls  the  input  signal*  Repositioning 
the  TX  rotor  produces  a  heading  output  signal  which  is  transmitted  to 
the  directional  indicator  where  the  signal  is  applied  to  a  closed  servo-" 
loop  in  the  indicator*    All  indicator  servoloop  operation  will  be  the 
same  as  was  previously  explained  in  the  operation  of  the  BDHX  servoloop^^ 
in  Frame  8  of  Section  '*B'\ 

Complete  the  following  statements  by  underlining  the  correct  answer. 

1*     The  input  to  the  indicator  is  received  directly  from  the 
(Compass  Controller^  Displacement  Gyro^  Electronic  Control  Amplifier)* 

2*     An:  change  in  aircraft  heading  is  sensed  by  the  (Hdg  CX»  Comp 
Relay). 

3*      Heading  outputs  from  the  electronic  control  amplifier  are 
produced  in  the  (CDX,  TX,  CT)* 

4.      The  heading  signal  is  processed  and  amplified  by  the 
(Displacement  Gyro,  Compass  Controller,  Electronic  Control  Amplifier)* 


Answers  to  Frame  2;    1.    DG      2*    North     3.    70     4.  Deenergized 
5.    Latitude  Control  Potentiometer      6.    Opposite  direction 
7.    Hemisphere  Selector  Switch 
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Frame  4 


Wh  u  applying  power  to  the  system,  the  Directional  Gyro  is  leveled 
to  a  horizontal  spin>^axis,  but  not  aligned  to  a  particular  directional 
heading.    Because  of  this,  the  system  muse  be  referenced  to  a  known 
headings    In  the  "Slave"  mode,  the  direction  sensing  component  (Remote 
Compass  Transmitter)  references  the  gyro;  but  iu  the  *'DG"  mode,  the 
Compass  Transmitter  is  not  used,    '^^erefore,  directional  gyro  referencing 
is  done  by  the  pilot.    To  accompli. this,  the  pilot  must  know  the 
direction  the  aircraft  is  heading.    On  the  ground,  he  can  align  the 
aircraft,  to  the  center  line  of  a  runway.    He  now  uses  the  "Heading 
Set  Knob"  on  the  Compass  Systan  Controller  (refer  to  the  drawing  in  Prame 
1)  to  electrically  drive  the  Indicator  compass  card  until  it  reads  the 
correct  aircraft  heading.    Ibw  that  the  compass  card  is  indicating  cor-* 
rectly,  any  change  in  aircraft  direction,  sensed  by  the  directional 
gyro  HDG  CX  results  in  an  equal  change  on  the  compass  card.    Thus,  the 
correct  heading  indications  are  maintained  during  aircraft  tumL. 

Complete  the  st**cements  below  by  underlining  the  correct  answer. 

1.  In  the  "DG"  mode,  the  system  is  aligned  to  the  correct 
magnetic  heading  by  the  (Remote  Compass  Transmitter,  pilot). 

2.  Changes  in  the  directional  heading  of  the  aircraft  are 
sensed  by  the  (directional  gyro  HDG  CX,  latitude  Correction  Circuit). 


Answers  to  Frame  3:  1.      Electronic  Control  Amplifier 


2, 
3. 
4. 


HDG  CX. 
TX, 

Electronic  Control  Amplifier. 


Frame  5 


T    ^Id  in  understanding  the  "Hdg  Set"  operation',  refer  to  the 
schematic  on  page  15  of  HO-403.    On  the  Compass  System  Controller  you 
will  find  the  "Hdg  Set  Control"  which  controls  a  switch  and  the  wiper 
arm  of  a  potentiometer*    Pushing  on  the  control  closes  the  switch,  to 
complete  (as  shown)  the  ground  circuit  to  energize  the  "Hdg  Set"  relay 
in  the  ECA,    This  relay,  in  turn,  pro  ides  fixed  phase  voltage  the 
motor  generator  in  the  **Hdg  Set  Servo  Module*"    TUmlng  the  "Hdg  Set 
Control"  provides  a  signal  from  the  potentiometer  wiper  arm  to  the  "Hdg 
Set  Servo  Module/*    As  the  Hdg  Set  motor  generator  operates,  it  will 
mechanically  reposition  the  stator  of  the  synchro  differential  (CDX). 
This,  in  turn,  produces  a  signal  output  which  is  applied  to  the  Control 
Transformer  (CT)  in  the  "Heading  Followup  Servo  Module."    As  the  motor 
generator  in  the  Followup  Servo  operates,  it  mechanically  repositions 
the  stator  of  the  CT  and  rotor  of  the  Heading  Output  Transmitter  ''TX)* 
Repositioning  the  TX  rotor  produces  an  output  signal  which  causes  the 
compass  card  to  be  driven  to  the  desired  heading.    Releasing  the  "Hdg 
Set  Knob"  removes  the  ground  from  the  "Hdg  Set**  relay,  returning  the 
system  to  the  normal  "DG"  mode  of  operation. 

Using  the  schematic  on  page  15  of  HO-403,  underline  the  answer  to 
the  following  questions  and  complete  the  tasks  described, 

1.  During  alignment  of  the  system,  the  synchro  differential 
(CDX)  is  (electrically,  MChanlcally)  controlled, 

2,  Amplifier  outputs  are  applied  directly  to  (motors,  generators, 
synchros), 

3*      Inputs  to  the  *'Hdg  Set  Servo  Module"  are  from  the  (TX,  Hdg 
Followp  Servo  Module,  Hdg  Set  Control  Knob  Pot,), 

4.  PiTshlng  on  the  "Hdg  Set  Control  Knob*'  (closes,  opens)  the 
Hdg  Set  Relay  circuit  to  ground, 

5,  Uslre  a  red  pencil,  trace  out  the  circuit  which  is  energized 
by  pushing  tie     g  Set  Control  Knob, 

6       Usin^  a  blue  pencil,  trace  the  Hdg  Set  circuit  signal  from 
the  pot^tiometer  through  the  "Hdg  Set  ^bdule"  to  the  stator  of  tl«e  CDX« 

7.      Using  a  green  pencil,  trace  from  the  rotor  of  the  CDX  to  the 
CT,    From  the  rotor  of  the  CT,  trace  through  the  remaining  Followup 
Servo  showing  what  is  mechanically  operated  by  the  motor, 

8*      Using  a  brown  pencil,  trace  the  Hdg  output  from  the  stator 
of  the  TX  through  the  indicator  Servoloop  to  operate  the  compass  card. 


Answers  to  Frame  A;    1,    Pilot      2*    directional  gyro  HDG  CX 


i?31 

Frame  6 


The  schematic  on  page  16  of  HO-403  shows  the 
including  the  circuitry  for  '*Hdg  Set"  operation, 
match  the  units  in  Column  II  to  the  statements  in 


1. 


2. 


3. 


4. 


5. 


6. 


7. 


8. 


9. 


10. 


Coltomn  X 

Provides  proper  polarity  for 
the  drift  correction  signal. 

Electrically  senses  any  change 
in  aircraft  heading. 

Provides  the  correct  voltage 
to  the  torquer  for  a  particu-- 
lar  latitude  the  aircraft  is 
flying. 

Provides  a  visual  indication 
of  directional  heading. 

Receives  inputs  from  the  HDG 
Set  Control  Potentiometer. 

Mechanically  repositions  the 
rotor  of  the  TX  to  produce  a 
heading  output  to  the 
directional  indicator. 

Holds  a  fixed  position  to 
provide  directional  refer- 
encing 

Is  mechanically  controlled  by 
the  '*Hdg  Set  Servo  Motor/' 

Is  energized  when  the  Hdg 
Set  Knob  is  depressed. 

Applies  a  force  to  the  gyro 
causing  controlled  precession 
to  eliminate  drift. 


a. 
b. 
c. 

d. 

e. 

f . 

g* 
h. 
i. 

j- 
k. 
1. 


system  in  the  DG  mode> 
Using  this  schematic. 
Column  X. 

Coltimn  XI 

Directional  Indicator 
CDX 

Hemisphere  Selector 
Switch 

Latitude  Control  Knob 

Hdg  Followup  Servo 
Module 

^tode  Selector 

**Comp"  r^lay 

'^ndg  Set"  relay 

Directional  Gyro 

Slave  Torquer 

Hdg  Set  Servo  Module 

Hdg  CX 
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Answers  to  Frame  5:  1* 

2. 
3. 
4. 


mechanically  controlled 
motors 

Hdg  Set  Control  Knob  Pot, 
closes 


/73S 


5.  1 — H- 


-  -j  1 


6.  Ali 


SET 


HOG  SET 
SEitvO  MODULE 


7. 


? 


cox 


TX  CT 


HOG  FOllOW*UP  MOOULE 


8. 


TX 


 1 
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)73.? 

Frame  7 

Before  '^earning  the  operation  of  the  system  in  the  '^Slaved  Mode,*' 
return  to  p^t^  Section  B,  Frame  1,  and  reread  the  explanation  of  a 
Pyro  Stabilized  Magnetic  Compaes. 

We  will  first  consider  the  normal  operation  of  the  system  in  the 
'^Slaved  Mode.'*    By  this,  we  mean  that  the  directional  indicators  are 
indicating  correct  magnetic  heading.    Whenever  the  aircraft  turns,  the 
output  from  the  gyro  package  causes  the  indicator  dial  to  reposition 
to  the  new  magnetic  heading.    Refer  to  the  schematic  on  page  17  of 
HO-403  and  visually  trace  the  output  from  the  directional  Gyro  Hdg  CX 
to  the  Hdg  Followup  Servo.    Prom  the  rotor  of  the  CT,  the  signal  is 
amplified  to  operate  the  motor  generator  which  mechanically  repositions 
the  rotor  of  the  Heading  Outpuc  Transmitter  (TX).    From  the  stators  of 
Che  TX,  the  signal  is  sent  to  the  indicator  to  position  the  compass 
card  to  the  aircraft's  magnetic  heading. 

Referring  to  the  schematic  on  page  17  of  HO-403,  underline  the 
word  or  phrase  that  completes  the  statements  below. 

1.  The  Mode  Selector  Switch  is  in  the  (Comp,  Slaved,  DG) 
position. 

2.  The  Slave  Relay  is  (energized,  deenergized) . 

3.  Whenever  the  aircraft  turns,  heading  change  is  sensed 
at  the  (CDX,  CT,  Hdg  CX). 

Answers  to  Frame  6;    1.    c       2,      1  *3.     d       4,       a       5,  k 
6.    _e_     7.    _i_     8.    _b_     9.    _h_     10.  j 
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Tvme  8 


Refer  to  the  scheroatic  on  page  17  of  H0-'403,    During  operation  in 
the  "Slaved  Mode**  with  the  Directional  Indicators  shewing  the  correct 
magnetic  heading,  the  input  to  the  Transolver  (CT-RES)  is  electrically 
the  same  as  the  Heading  Output  Transmitter  (TX)  output*    Visually  trace 
the  magnetic  heading  output  sensed  by  the  Remote  Compass  Transmitter  to 
the  stators  of  the  CT-RES*    Visually  trace  the  output  from  the  rotor  of 
the  Heading  CX  in  the  Displacement  Gyro  through  the  ECA  to  the  TX,  The 
output  of  the  TX  is  the  magnetic  heading  which  causes  the  directional 
indicator  co  visually  indicate  magnetic  headings*    When  the  input  to 
the  CT-'RES  and  output  of  the  TX  are  electrically  the  same,  we  can  say 
that  the  compass  system  is  synchronized  or  in  electrical  alignment* 
At  this  time,  there  will  be  no  output  from  the  rotor  of  the  transolver 
(CT-RES)*     In  other  words,  the  CT-RES  is  at  null*    Referring  to  the 
Compass  System  Controller,  notice  vhe  Sync  Indicator*    Visually  trace 
from  the  rotor  of  the  CT-RES  through  the  SLAVE  relay  contacts  back  to  the 
Sync  Indicator*    When  the  Sync  Indicator  pointer  is  centered,  the  system 
is  synchronized* 

Mark  the  statements  below  TRUE  (T)  or  FALSE(F)* 

1*    The  system  is  said  to  be  synchronized  when  magnetic  heading 

sensed  by  the  Transmitter  is  electrically  the  same  as  TX 
output  from  the  ECk* 

1.    Outputs  from  the  TX  are  applied  to  the  Slaving  Torquer* 

3*    When  the  sync  indicator  deflects  left  o-  right,  the  system 

is  synchronized* 

4»    ^  The  Hdg  Follcwup  Servo  motor  generator  mechar.ically  controls 

the  position  of  the  TX  and  CT-RES  rotors* 


Answers  to  Frame  7:    1,    Slave      2,    Energized     3,    Hdg  CX 
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Frame"  9 


Synchronization  is  the  electrical  alignment  of  the  compass  system* 
Now  we  will  consider  what  happens  when  the  directional  gyro  drifts 
causing  the  system  to  be  out  of  synchronization*    Referring  to  the 
schematic  on  page  17  of  consider  that  the  system  is  in  electrical 

alignment*    The  aircraft  is  flying  north,  therefore,  the  Remote  Compass 
Transmitter  is  sensing  north;  the  directional  indicator  is  reading  north 
and  the  sync  indicator  is  centered*    Now  when  the  gyro  drifts,  the  rotor 
of  the  Hdg  CK  is  displaced  the  same  degree  that  the  gyro  has  drifted, 
resulting  in  a  signal  change  (output)  from  the  displacement  gyro* 
Visually  trace  the  signal  output  to  the  Heading  Followup  Servo  Module 
in  the  ECA*    The  servo  motor  mechanically  repositions  the  rotors  of  the 
control  transformer  (CT),  Hdg  Output  Transmitter  (TX),  and  Transolver 
(CT-RES)*    The  resulting  output  from  the  stators  of  the  TX  is  an 
erroneous  signal  to  the  directional  indicator,  causing  it  to  read  some*- 
thing  other  than  north  while  the  aircraft  is  still  flying  north* 

Mark  the  statements  below  TRUE  (T)  or  FALSE  (F) * 

1-    The  sync  indicator  is  centered  whenever  the  system  is 

synchronized* 

2*    The  Followup  Servo  Motor  will  operate  if  the  gyro  drifts* 

3*    The  Followup  Servo  Motor  repositions  only  the  CT  rotor* 

4i    Gyro  drift  does  not  effect  the  indicator  readings - 


Answers  to  Frame  8:    1*    T       2*    F       3*    F       4*  T 
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Frame  10 


Referring  again  to  the  schematic  on  page  17  of  HO-403,  when  the 
Gyro  drifted,  an  output  from  the  HDG  CX  ^.n  the  Displacement  Gyro 
caused  the  Udg  Followup  Servo  to  mechanically  reposition  the  rotors 
of  the  CT,  TX,  and  CT-RES*    Repositioning  the  rotor  of  the  CT  nulled 
out  the  input  signal,  while  repositioning  the  rotor  of  the  TX  produced 
an  erroneous  signal  to  the  Indicator*    Repositioning  the  rotor  of  the 
CT-^RES  causes  it  to  be  out  cyf  null*     (The  system  is  no  longer  synchronised*) 


Visually  trace  the  output^^from  the  rotor  of  the  CI-RES  to  the  Sync  Indicator 
and  to  the  Slave  Torquer  (ST)*    The  pointer  of  the  Sync  Indicator  deflects 
from  its  center  position  showing  that  the  system  is  no  longer  syTu:hroni2ed* 
At  the  same  time,  the  signal  from  the  CT'RES  is  applied  to  the  SJbve  Torquer 
causing  the  Gyro  to  precess  in  the  opposite  direction  that  it  had  drifted* 
As  the  Gyro  is  being  precessed  back,  the  rotor  of  the  Hdg  Transmitter 
CX  is  also  turned  in  the  opposite  direction,  resulting  in  another 
heading  output  (at  this  time  being  a  corrected  output)*    Visually  trace 
back  through  the  circuit  to  the  Hdg  Followup  Servo  Motor  \diich 
mechanically  repositions  the  rotors  of  the  CT,  TX,  and  CT-RES*  Re- 
positioning the  XX  rotor  transmits  a  corrected  magnetic  heading  output 
to  the  Indicators,  and  repositioning  the  rotor  of  the  CT-RES  nulls  its 
output  signal*    When  the  CT-RES  is  nulled,  the  Torquer  ceases  to  operate 
and  the  Sync  Indicator  is  once  again  centered* 


m  RESPONSE  REQUIRED 


Answers  to  Frame  9: 


1* 


T 


2* 


T 


3* 


4* 


F 
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m3 

Frame  11 


Ue  know  that  the  Remote  Compass  Transmitter  senses  the  earth's 
magnetic  field  to  produce  a  signal  which  keeps  the  DG  from  drifting. 
The  same  signal  produced  by  the  Transmitter  is  also  used  to  init:ially 
synchronize  the  system.    Keep  in  mind  that  when  power  is  first 
applied,  the  Directional  Gyro  is  allowed  to  remain  at  the  position 
to  which  it  is  leveled.    Allowing  the  Gyro  to  remain  at  that  random 
position,  the  Indicator  must  be  servoed  to  the  correct  magnetic 
heading  sensed  by  the  Cdmpass  Transmitter.    When  this  is  accomplished, 
the  system  will  be  In  electrical  alignment.    In  the  **Slave  Mode"  of 
operation,  initial  synchronization  with  the  Compass  Transmitter 
Heading  is  obtained  by  pufihing  and  holding  the  Hdg  Knob  until  the 
Sync  Indicator  becomes  centered.    Refer  to  the  schematic  on  page  18 
of  HO-403  to  become  familiar  with  the  system  conditions  during 
synchronization  ^en  in  the  "Slaved  Mode,"  and  the  Hdg  Set  Knob 
is  depressed. 

Referring  to  the  schematic  on  page  18  of  HO-403,  answer  the 
following  questions. 

1.  a.  What  relay  is  energized  \^en  the  Hdg  Set  Knob  is 
depressed? 

b.  This  relay  supplies  power  co  which  module?     (Hdg  Set 
Servo  Module,  Hdg  Followup  Servo  Module). 

c.  With  this  relay  energized,  signal  input  to  the  above 
selected  module  is  from  the  (Directional  Gyro,  Hdg  CX,  Remote  Compass 
Transmitter) . 

2.  a.     With  the  mode  Selector  Switch  in  the  **Slave'*  position, 
a  ground  is  applied  to  which  relay?    (Slave,  Hdg  Set) 

b.      With  chis  relay  energized,  the  signal  from  the  Compass 
Transmitter  is  applied  t.o  which  module?    (Hdg  Set,  Hdg  Pollowup) 

3.  a.      Under  the  condition  shown,  what  heading -is  indicated 
by  the  Directional  Indicator? 

b.      Under  conditions  shown,  what  is  the  correct  magnetic 

heading? 

4.  What  magnetic  head^g  is  the  Remote  Compass  Transmitter 
Sensing? 

5.  Under  the  conditions  shown  on  the  schematic,  the  system 
is  (synchronized,  out  of  synchronization). 
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Frame  12 

For  a  better  understanding  of  synchronization^  refer  to  the  schematic 
on  page  18  of  HO-403  and  visually  follow  the  circuits  as  explained*  The 
conditions  that  cause  the  system  to  be  out  of  synchronization  are;  the 
Indicator  is  reading  045  degrees,  and  the  Compass  Transmitter  is  sensing 
000  degrees*    When  the  Indicator  reads  the  direction  sensed  by  the  Trans** 
mitter,  the  system  will  be  synchronized*    Trace  the  output  from  the 
Compass  Transmitter  to  the  Hdg  Set  Module  and  the  Sync  Indicator*  The 
Sync  Indicator  deflects  from  its  center  position  to  show  that  the  system 
is  Out  of  electrical  alignment*    The  signal  to  the  Hdg  Set  Module  causes 
the  stator  of  the  CDX  to  be  repositioned*    Trace  the  output  from  the 
rotor  of  the  CDX  through  the  Hdg  Follow-up  Module  which  mechanically 
repositions  the  rotors  of  the  CT,  TX,  and  CT-RES*    Repositioning  the 
Cr  rotor  nulls  out  the  signal*    Repositioning  the  rotor  of  the  TX  causes 
its  output  to  be  the  same  magnetic  heading  as  sensed  by  the  Transmitter^ 
therefore,  the  Indicator  will  now  read  000  (N)*    Repositioning  the 
Cr-RES  rotor  nulls  out  the  CT-RES  so  it  no  longer  has  an  output,  there^ 
fore,  the  Sync  Indicator  centers  and  the  Hdg  Set  Servo  stops  operating^ 
Now  the  system  is  synchronized  and  the  position  of  the  Gyro  can  now  be 
used  as  a  magnetic  reference* 

Mark  the  statements  below  TRUE  (T)  or  FALSE  (F)  * 

 1*      During  initial  synchronization,  the  DG  is  precessed  to  a 

northerly  direction* 

 2*      During  initial  synchronization,  the  Indicator  is  servoed  to 

the  correct  magnetic  heading* 

 3*     When  the  system  is  synchronized,  the  CT-RES  is  out  of  null* 

4*      The  Sync  Indicator  is  centered  when  the  system  is  synchronized* 

 ^5*     A  signal  from  the  TX  controls  the  Sync  Indicator* 


^6*     The  output  of  the  Compass  Transmitter  is  applied  to  the 
Hdg  Set  itodule* 


Answers  to  Frame  11: 

1^      a*      Hdg  Set  3*  a*      045  degrees 

b*      Hdg  Set  Module  b*      000  -  North 
c*     Remote  Compass  Transmitter 

4-  000  '  North 

2*     a*  Slave 

b*      Hdg  ?et  5*  Out  of  synchronization 


/7V5" 

Frame  13 


When  the  system  Is  operating  In  either  the  *'DG"  or  "Slaved" 
modes »  the  Directional  Gyro  is  the  reference  which  supplies  information 
to  the  Indicators  whenever  the  aircraft  changes  its  heading  (direction)* 
With  the  Gyro  referenced  either  manually  in  the  "DC*  mode  or  by  the 
Remote  Cooipass  Transmitter  in  the  *'Slave"  mode»  its  output  represents 
accurate  magnetic  heading  for  Indicator  operation.    In  event  that 
the  Gyro  falls  to  operate^  or  its  output  is  not  accurate^  the  pilot 
will  select  the  "Compass'*  mode  of  operation.    In  the  "Compass"  mode» 
the  Remote  Compass  Transmitter  is  the  sole  heading  reference.  As 
the  aircraft  changes  its  headings  this  change  in  direction  Is  sensed 
by  the  Transmitter,    This  change  In  heading  is  electrically  transmitted 
to  the  CT-RES  and  amplified  In  the  Electronic  Control  Amplifier, 
The  EGA  output  signal  causes  the  Indicator  compass  card  to  drive 
to  the  new  magnetic  heading  sensed  by  the  Compass  Transmitter*  This 
circuitry  is  the  same  as  explained  during  "initial  synchronization*' 
when  in  the  "Slave"  mode  of  operation. 

Underline  the  correct  answer  in  the  following  statements, 

1,  In  the  *'DG"  mode,  Gyro  referencing  is  accomplished  (manually 
by  the  pilot,  by  the  Remote  Compass  Transmitter), 

2,  In  the  "Slave*'  mode.  Gyro  referencing  is  accomplished 
(manually  by  the  pilot,  by  the  Remote  Compass  Transmitter)* 

3,  The  "Compass"  mode  is  used  (above  70^  latitude,  for  normal 
operation,  as  an  emergency  mode), 

4,  In  the  "Compass"  mode,  heading  changes  are  sensed  by  the 
(Remote  Compass  Transmitter,  Directional  Gyro)* 

5,  In  event  of  Gyro  failure,  the  pilot  will  select  the  (DG, 
Comp,  Slave)  mode  of  operation. 


Answers  to  Frame  12;    1,    F  2,    T   3*    F  4,  T 


5,    F  6,  T 
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Frame  14 

The  question  that  should  be  asked  now  is  "Whv  i 
Compass  mode  whenever  the  Remote  O^mpass  Ti-i^s™5^L—  ^r''' 
supply  o.agnetic  heading  to  the  InScators  wSt  tJ/^"  '° 
tional  Gyro?'*    First,  consider  how  the "LoJe  Compass  Jrlismit/'"" 
operates.    The  sensing  unit  (pick-up-coii^r™  ,!T  ^^f"^"'^-"" 
earth  so  that  the  ear?h»s  magnetic  U^^J  T  ^^^^^^^  to  the 

Pick-up-coils.    The  sensLrS^it  L  ne^u?!,  ^"  ^^^^''^^^  '° 

WIU  regain  parallel  to  Jh!  Sr^h^ei^h^"'  ^^^e^'  HfH'' 

(refer  to  the  drawing  on  page  19  of  H&-4011  !^  aircraft  roll 

banks  (rolls)  to  tuS.  =ent?ifugaf  fo«f  ^^^ses^'^hTslnst^^^'^T^ 
seek  a  position  parallel  to  the  aircraft  „in^  ^atheHi^^  "  iTi 
to  the  earth.    At  this  time  the  Transmitter  Sji  f    ''  Parallel 
output  signals  which  would  cause  thTSdi^tol  Jo  readir'"' 
heading.    When  the  aircraft  has  completed  Us  t^^^H  -"^"^^^ 
level,  the  todicator  reading  t,m  .It^l  u  ^  ^^i" 

accurate  with  a  ^.ro  p^vi^nrsLbf SLd^  accurate.    The  system  is  more 

be  used,  the  ••CoSass^"Lf  p^eilL'^'SfVcil^^^ccS^Lf  ^^^^^  =r°' 
aircraft  can  be  landed  and  the  malfunction  repairer  '^ 

the  siTZsi:,truiz  iix^v  rj'iij.iiv'^  ^-'^'^ 

during  turns.  liignc,  Bank  without  turns,  and  bank 

Ond.tli„e  th.  correct  answer  that  compl.t«  the  following  statements. 

p=.e^i=uS:,rt^^-"s^:sSi'rLL^=^;r.u"ftLr;r\pirir'""^' 

wi.h  np  .J^lo^'irlo:  73T5e1rres"of  iir-Mr^^-^  " 

Answers  to  Frame  13: 

1*      Manually  by  the  pilot 

2.  By  the  Remote  Compass  Transmitter  3. 

3,  As  an  aaergency  mode 

4*      Remote  Compass  Transmitter 
5*  Comp 
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Frame  15 

Now  that  we  know  when  the  "Compass"  mode  is  used  and  why  At  is  not 
used  in  place  of  the  "Slaved"  mode*  we  will  refer  to  the  schematic  on 
page  20  of  HO-403  to  determine  what  conditions  exist  when  the  selector 
is  placed  in  the  "Compass"  position*    Looking  at  the  Compass  System 
Controller*  you  can  see  that  the  mode  switch  is  in  the  *'Compass" 
position*  providing  a  ground  to  energize  both  the  Hdg  Set  and  Compass 
relays.    The  'Hdg  Set  Relay"  is  providing  a  path  for  the  Compass  Trans- 
mitter signal  to  be  applied  to  the  *Hdg  Set  Servo  Module*"  ai  the  same 
time  providing  fixed  phase  voltages  to  the  motor  generator*    The  ^'Compass 
Relay'*  has  cut  off  the  signal  from  the  Directional  Gyro.    Because  it  is 
not^  used*  it  is  not  shown  in  this  mode*    The  Compass  Relay  has  also 
provided  a  ground  to  energize  the  "Slave  Relay.*'    The  "$ia\e'*  relay  is 
also  providing  a  path  for  the  Compass  Transmitter  signal  to  be  applied 
to  the  "Hdg  Set  Servo  Module."    It  also  provides  a  path  for  the  same 
signal  to  the  "Sync"  Indicator* 

Refer  to  the  schematic  on  page  20  of  HO-403  to  answer  the  following 
questions  and  to  complete  the  tasks  described* 

1*     a*      In  the  Compass  mode*  what  relays  are  energized  directly 
by  the  ^tode  Selector  Switch? 

b*      Using  a  red  pencil*  trace  from  the  Mode  Selector  to 
these  relays* 

2-      a*      What  relay  is  energised  when  the  "Comp"  relay  is 
energized? 

b*      Using  an  orange  pencil*  trace  the  circuit  from  ground 
to  this  relay. 

3.      a.     Using  a  blue  pencil*  trace  the  output  from  the  Remote 
Compass  Transmitter  to  the  '*Hdg  Set  Module*" 

b.     What  Synchrorotor  is  mechanically  repositioned  by  the 
"Hdg  Set  Module?" 

4*      a.     What  Synchro  produces  the  signal  input  to  the  "Heading 
Followup  Module?" 

b.     Using  a  brown  pencil*  trace  from  this  Synchro  through 
the  "Hdg  Followup  Servo*"  showing  what  is  mechanically  positioned, 

5,      Why  is  the  rotor  of  the  CT-RES  positioned  by  the  "Hdg 
Followiip  Servo?" 


Answers  to  Frame  14:    1.    parallel     2.  30 

1820 


76 


Answers  to  Frame  IS : 


1.      a.      Comp  and  Hdg  Set 
# 

^  •  COMP 


SLAVE 
0  G 


4"^ 


HOG 
SET 


2.      a.  Slave 


b. 


r 


siAve  3 

+-5 
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Frame  16 

A*  Using  the  diagrams  on  pages  21  through  23  in  HO-403,  complete  the 
following  statements  by  underlining  the  correct  answer(s)» 

Note;    All  relays  are  shown  deenergized  with  all  contacts  In 
their  noinnal  position  with  NO  POWER  on. 

1.      The  Sync  Indicator  shows  (Direction  Gyro  Leveling,  Electrical 
Alignment  o£  the  system^  Aircraft  heading)* 

2*      The  (pilot»  remote  compass  transmitter)  accomplishes  gyro 
referencing  when  in  the  SLAVE  MODE. 

3*      Reversing  the  polarity  of  the  latitude  correction  voltage 
is  accomplished  by  repositioning  the  (Hdg  Set  Kiiob»  Latitude  control 
knob»  N^S  Hemisphere  Switch). 

4.      Inputs  to  the  Slave  Torquer  originate  at  the  (Sync  Indicator* 
Remote  Compass  Transmitter,  Latitude  Correction  Potentiometer)  when 
the  Mode  Selector  switch  is  in  the  D6  position. 

5*      The  (Slave,  HDG  Set,  (tomp)  relay(s)  are  energized  when 
the  mode  selector  is  in  the  COHP  position. 

6.     Aircraft  turns  are  electrically  sensed  by  the  (HDG,  CX, 
CDX»  TX)* 

7*      When  in  the  Slave  Mode,  the  (Slave,  HDG  Set,  Comp)  relay 
is  energized. 

8.      When  Che  HDG  Set  Knob  is  depressed,  the  (Slave,  HDG  Set» 
Comp)  relay  is  energized. 

9*      Gyro  drift  is  eliminated  by  the  (Heading  CX,  Slave  Torquer» 
Heading  Followup  Servo  Module). 

10.      Turning  Che  **HDG  Set  Control  Knob*'  applies  a  voltage  to 
the  (HDG  Followup  Servo,  HDG  Set  Servo)  module. 

B.      Use  page  21  of  HCH403  to  accomplish  the  tasks  listed  below. 

Note:    All  relays  are  deenf>rgized.    Contacts  are  in  the  proper 
fjositioil  for  NO  POWER  applied  to  the  system. 

With  the  mode  selector  switch  in  the  position  shown  (DG  position). 

1.      Using  a  red  pencil^  show  which  switch  is  closed  when  the 
HDG  Set  Switch  is  depressed  by  drawing  the  contact  to  the  closed 
position* 

2*      Using  a  red  pencil*  trace  from  ground  to  the  relay  which 
is  energized  when  the  HDG  Set  Knob  is  depressed.    Also  draw  the 
relay  contacts  to  the  closed  position. 
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3*      Using  a  blue  pencil,  trace  from  ch^  HDG  sec  potenClomeCer  Co 
Che  Heading  SeC  Servo  Module*    Also  Crace  from  che  motor  generacor 
mechanical  linkage  co  che  CDX* 

4*      Using  a  brown  pencil,  trace  the  signal  produced  aC  che 
CDX  to  the  Heading  Followup  Servo  Module.    Also  trace  the  TOechanical 
linkage  Co  the  TX. 

C*      Use  page  22  of  110-403  to  accomplish  the  tasks  listed  below. 

Note;    All  relays  are  deenerglzed.    Contacts  are  in  the  proper 
position  for  NO  POWER  applied  to  the  system. 

With  Che  mode  selector  switch  in  the  position  shown  (Slave 
position)* 

1.      Using  a  red  pencil,  trace  from  ground  to  the  relay(s) 
that  will  be  energized  when  pow&r  is  applied  to  the  system*  Also 
trace  the  relay  contacts  co  the  appropriate  position  for  power  on* 

2*      Use  a  blue  pencil  to  trace  che  circuit  which  causes  the 
sync  indicator  to  operate* 

3*      Using  a  brown  pencil,  trace  the  remote  compass  transmitter 
output  to  the  slave  torquer* 

4*      Using  a  green  pencil,  trace  the  displacement  gyro  package, 
heading  output  signal  to  the  Hdg  Followup  module*    Also  trace  its 
mechanical  motion  to  the  TX  and  CT-RES* 

D*      Use  page  23  of  H0*403  to  accomplish  che  tasks  listed  below* 

Note;    All  relays  are  deenerglzed*    Contaccs  are  In  the  proper 
position  for  NO  POWER  applied  to  the  system. 

With  the  mode  selector  switch  in  the.  position  shown  (Comp  position)* 

1*  Using  a  red  pencil,  crace  froci  ground  to  the  relay(s) 
that  will  be  energized  when  power  Is  applied  to  the  system,  and 
trace  che  relay  contacts  Co  the  appropriaCe  position  for  power  on* 

2*     Using  a  blue  pencil,  trace  che  output  of  the  Remote  Compass 
Transmitter  to  the  Hdg  Set  Setvo  Module*    Also  crace  through  the 
amplifier  and  motor  generator  showing  the  mechanical  output  to  Che 
CDX. 

3*      Using  a  brown  pencil,  trace  the  heading  output  from  the 
electronic  control  amplifier  to  the  Directional  Indicator*  Also 
trace  through  the  indicator  servoloop  to  Che  compass  card* 


Answers  to  Frame  16: 

A.      1.  Electrical  Alignment  of  the  systei 

2.  Remote  compass  transmitter 

3  K-S  Hemisphere  Switch 

A.  Latitude  Correction  Potentiometer 

5*  Slave,  HDG  Set,  Compass 

6.  HDG  CX 

7.  Slave 

8.  HDG  Set 

9.  Slave  torquer 
10.  HDG  Set  Servo 

B. 

1. 
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SPECIAL  INSTRUCTIONS 

H0-403'^-t4yn'°Si?:u°i'^:iJx^^^^:^°-  ^-/-^n^  circuits  given  in 
circuit  distinction.    Sese  circu.^f    ^"'J"®  ''^'""^ 

during  troubleshooting  pr^LdurL^  givIn^'L^rVK"  I'f  l^** 
Because  the  conpass  system  is  o^rfJId  /^^  3AaR3253X-«B-403. 
operation,  some  circuits  wiXX  have  I'L  I^i,  "^"^^"""^  of 

Tracing  procedures  „iXX  be  outuL/by    'dS  IT  '""^  °"  ^^^^^ 

the  Circuits  that  are  used  in  ea^  moJp     f  °f  operation,  showing 
circuits  are  used  in  more  t hi !^     /'^^  ^"  ""^""^  "^^at  some 
Handout  3ABR3253X.H0-4"3l44S)  ?ro:1o\f  i°^  Now  obtain 

instructions  given  therein.  ^  ^  Instructor  and  foXXow  the 
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1.      DG  Mode 

a.  Purpose;    Used  in  latitudes  above  70  degrees  or     en  the 

compass  transmitter  cannot  be  used* 

b.  Relays:      None  energized  except  when  the  Heading  Set  Kiob 

is  depressed.    Depressing  the  Heading  Set  Kiob 
energizes  Relay  K*l. 

c*      Circuits  used  in  the  DG  mode. 

Cl)    Initial  Power. 

C2)    Heading  Output  from  the  Displacement  Gyro  Package  (DGP). 

(3)  Latitude  Correction  from  the  Compass  System  Controller  (CSC) , 

(4)  Heading  Set  from  the  Compass  System  Controller  (CSC), 
d.      Initial  Power;    Trace  in  RED. 

Note:    Locate  the  AC  and  DC  powei  busses  on  the  left  side  of 
the  diagram.    These  provide  power  to  the  system. 

(1)    Gyro  spin  motor  power. 

(a)  Trace  the  three  phases  B(5,  and  C0)  of  power 
into  pins  24»  2S»  and  26  of  PI  on  the  EGA,  to  the  AC  and  DC  junction. 

Note:    To  eliminate  the  confusion  of  many  wires,  this  wiring  Is 
not  drawn  through  this  component* 

(b)  Continue  the  gyro  spin  motor  circuitry  at  pins  80, 
81,  and  82,  at  the  left  of  the  test  board,  and  trace  into  the  DGP  to 
the  DG  spin  motor. 

Mote:    Gyro  power  from  the  AC  buss  must  pass  through  the  contacts 
of  the  APRS  relay.    This  relay  is  energized  when  the  GYRO-OFF 
switch  (on  the  ground  check  panel)  is  positioned  to  OFF.  This 
switch  is  positioned  to  OFF  during  ^maintenance  procedures  when 
it  is  not  necessary  for  the  gyro  to  be  in  operation. 

(c)  Trace  the  28V  DC,  from  the  DC  buss,  through  switch 
SI  in  the  Ground  Check  Panel,  to  the  AFRS  power  relay  (KX).  NOTE; 
Keep  in  mind  that  Kl  is  not  energized  until  the  GYRO-OFF  switch  is 
positioned  to  OFF. 
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(2)  Remote  Compass  Transmitter  excitation  voltage  (23»5V  AC)» 
Remote  Compass  Transmitter  Compensator,  deviation  (NS-EW),  adjustment 
potentiometer  reference  voltage* 

(a)  Locate  the  23.5V  AC,  at  Pin  20  on  P3  of  the  ECA» 
Trace  this  voltage  into  the  Remote  Compass  Transmitter  Compensator* 
Trace  through  the  power  supply  to  the  N-S,  E-W  adjustment  potentiometers* 
NOTE:    Do  HOT  trace  off  of  the  potentiometer  Wiper  arms*    Continue  the 
circuitry  out  of  Pin  5  of  P3  (Compensator)  and  back  to  ground,  at  Pin  21 
on  P3  of  the  ECA* 

(b)  Locate  the  junction  between  Pins  34  and  304,  Pins  35 
and  305  on  the  test  boards    Trace  from  these  junctions  upward  to  and 
through  the  excitation  coil  of  the  Remote  Compass  Transmitter  (CX)* 

(3)  Synchro  Rotor  Reference  Voltage  26V  AC* 

(a)    DGP  Heading  Synchro:    Trace  the  26V  AC,  from  the  ground, 
located  at  the  left  of  Pin  l6  on  PI  of  the  ECA,  through  the  rotors  of 
B1-B4  to  the  26V  AC  source,  located  to  the  right  of  synchros  Bl  and  B2* 

Note:    Synchros  B3  and  B4  are  provided  as  heading  outputs  if  they 
are  needed^    The  outputs  are  not  shcFwn  becaiise  they  are  not  used 
by  the  compass  system* 

(4)  26V  AC  to  the  Heading  Set  Circuitry, 

(a)    Locate  the  26V  AC  at  the  right  of  Pin  3  on  P3  of 
the  ECA.    Trace  this  voltage  into  Pin  3  of  P5  and  on  the  Compass  System 
Controller  (CSC)*    Trace  In  the  primary  and  secondary  of  the  transformer* 
Also,  trace  to  the  potentiometer,  but  not  off  of  the  wiper  arm*  Refer 
to  the  illustration  below*    The  figure  below  shows  only  the  circuitry  to 
be  traced  on  H0-403A* 


Note:    The  ground  for  the  remainder  of  this  circuit  is  located 
at  the  right  of  Pin  23  on  P3  of  the  ECA*    This  is  also  ground 
for  other  circuits* 
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(5)  27V  DC  to  the  Latitude  Control  Potentiometer* 

*  (a)    Locate  the  27V  DC,  at  the  right  of  pin  4  on  P3  of 

the  ECA*    Trace  out  of  Pin  4  to  Pin  4  of  P5  of  the  CSC»    Continue  to 
and  through  the  Latitude  Control  Potentiometer »    HOTE:    Stop  immediately 
after  going  through  the  potentiometer.    DO  NOT  trace  off  of  the  wiper  arm 

(6)  28V  DC  to  the  relay  coils. 

Note:    These  voltage  potentials  are  present  at  the  colls, 
but  the  relays  are  not  energized  until  a  ground  is  provided 
by  the  various  switches  and  controls  such  as  the  system  mode 
switch  and  the  heading  set  control  knob* 

(a)    Locate  rel^s  Kl,  K3 ,  K4 ,  ICS  and  K6  in  the  ECA» 
Trace  the  28V  DC  potential,  located  to  the  right  of  each  coil,  to  but 
not  through  each  coil* 

Note;    To  eliminate  the  confusion  of  a  lot  of  wiring  through 
the  EGA,  the  wiring  fronn  the  DC  power  source  to  the  relay  coils 
is  not  shown  drawn  through  the  ECA* 

(7)  Reference  Voltage  for  Synchro  B7,  in  the  ECA,  when  K3 
in  the  ECA  is  energized* 

Note:    Whenever  K3  is  energized  (Compass  Mode),  26V  AC  is  applied 
to  the  stator  of  synchro  B7.    This  reference  voltage  enables  the 
synchro  to  produce  signals  whenever  MG-2  mechanically  repositions 
the  rotor  of  B7» 

(a)    Locate  the  26V  AC  at  the  upper  right  of  relay  K3 
contacts «    Trace  this  voltage  to  the  contacts  of  relay  K3.  This 
potential  will  be  applied  to  &7  whenever  K3  is  energized. 

e.      Heading  Signal:    Trace  in  blue* 

(1)  For  a  review  of  the  Heading  Signal,  refer  to  Frame  3, 
Section  C  in  PT-403. 

(2)  Locate  the  heading  synchro  (upper  left  comer)  in  the 
DGP.    Trace  from  the  stators  of  the  synchro,  out  of  pins  1»  2  and  3 
of  PI  on  the  DGP,  into  Pins  1,  2,  and  3  of  P2  on  the  ECA.  Continue 
through  the  contacts  of  relay  K3  to  the  stator  of  37.    From  the  stator 
of  37,  trace  to  the  stator  of  synchro  35» 

Note:    At  this  point  the  Heading  signal  is  applied  to  the  Heading 
Follow-up  todule*    For  a  review  of  the  Heading  Follow-up  Module, 
refer  to  Frame  3,  Section  C  (Part  I)  of  this  PT, 
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(3)  Trace  the  resulting  output  signal  from  the  rotor  of  B5  into 
amplifier  A3*    Trace  the  mechanical  linkage  from  the  motor  to  the  following 
points « 

4 

(a)  The  generator:    Trace  its  output  back  to  the  amplifier. 

(b)  The  rotor  of  B5;    (Note:    Repositioning  the  rotor  of 

B5  nulls  out  the  input  signal  to  the 
Heading  FollowUp  module)* 

(c)  The  rotor  of  B6: 

1^      Repositioning  the  rotor  of  B6  nulls  the  slaving 
signal  from  the  Remote  Compass  Transmitter*    In  the  D*  6*  Mode  of  operation, 
the  slaving  signal  is  not  used*    In  the  D*  G*  Mode,  Latitude  Correction 
voltages  compensate  for  apparent  drift* 

2^*      For  further  explanation,  refer  to  Frames  1 
and  2  of  Section  C  in  PT-403* 

(d)  The  rotor  of  Bl  through  B4;    As  the  motor  repositions 
these  rotors,  the  resulting  signals  are  transmitted  to  the  HSI,  BDHI, 
and  the  ADI* 

(4)  Trace  the  output  of  Bl  into  pins  R,  S,  and  T  of  PI  on 
the  Instrument  Set  Coupler  (ISC)*    Continue  the  signal  through  the 
contacts  of  Kl  to  the  three  junction  points*    Trace  upward  through  the 
CDX  and  out  of  the  ISC  to  the  ADI*    Trace  the  servoloop  which  contro}^ 
the  sphere  in  azimuth* 

(5)  Return  to  the  junction  in  the  ISC  and  trace  downward 
and  out  of  the  ISC  through  Pins  N,  P,  and  Q,  continuing  to  the  HSI* 
Trace  the  servoloop  which  controls  the  HSI  azimuth  dial* 

(6)  Return  to  the  ECA  and  trace  the  output  from  the  stators 
of  synchro  B2  into  the  BDHI*    Trace  the  servoloop  which  controls  the 
BDHI  azimuth  dial* 

f*      Latitude  Correction  Circuit;    Trace  in  yellow* 

CD    For  a  review  of  the  Latitude  Correction  Circuitry  refer 
to  Frames  1  and  2  of  Section  C  (Par.t  I)  of  this  PT* 

(2)    27V  DC  has  already  been  applied  to  the  Latitude  Cor* 
rection  Potentiometer  in  the  Compass  System  Controller  (CSC),  The 
output  taken  from  the  wiper  arm  is  controlled  by  the  Latitude  Control 
Knob  which  is  set  to  the  latitude  that  the  aircraft  Is  in* 
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(3)  Trace  the  output  from  the  wiper  of  the  latitude 
control  potentiometer  out  Pin  9'of  P5  on  the  CSC  through  Pin  9  of  P3 

on  the  ECA*    Continue  through  the  ECA  out  Pin  18  of  P2*    Trace  into  the 
DGP  to  and  through  the  slav:^ng  torquer  (ST)  to  ground* 

NOTE:  The  voltages  traced  from  the  latitude  control  potentiometer 
through  the  H  position  of  the  hemisphere  switch  is  used  to  control 
the  slave  torquer  when  the  aircraft  is  in  the  northern  hemisphere* 

(4)  Return  to  the  Latitude  Control  Potentiometer  and 
trace  the  signal  to  the  slaving  torquer  when  the  hemisphere  switch  Is 
in  the  South  position* 

g.      Heading  Set  Circuitry:    Trace  in  brown* 

(1)  For  a  review  of  the  Heading  det  operation,  refer  to 
Frames  4  and  5  in  Section  C  (Part  I)  of  this  PT* 

(2)  Locate  the  Heading  Set  Knob  in  the  Compass  System 
Controller  and  draw  the  contact  to  the  depressed  (down)  position* 
This  provides  the  ground  to  energise  relay  Kl  in  the  ECA*  Trace 
the  ground,  located  at  the  right  of  Pin  23  on  P3  of  the  ECA*  into 
Pin  23  on  P5  of  the  controller*    Continue  upward  through  the  Heading 
Set  Knob  ,and  out  Pin  1  on  P5  of  the  CSC*    Trace  into  the  ECA  through 
relay  Kl  to  the  DC  potential*    Draw  the  contact  of  Kl  to  the  energized 
(closed)  position* 

C3)    Return  to  the  Heading  Set  Potentiometer  located  below 
the  Heading  Set  Knob  in  the  CSC*    Trace  from  the  wiper  arm*  out  Pin  2 
of  P5»  and  into  Pin  2  of  P3  on  the  ECA*    Continue  through  the  de-energized 
contacts  of  relay  K4  to  amplifier  Al*    Trace  the  Heading  Set  Module 
circuitry  and  the  mechanical  linkage  which  repositions  the  rotor  of 
syncl.'TO  B7* 

MOTE:  The  signal  T*ich  results  when  the  Heading  Set  Module 
repositions  the  rotor  of  B7  is  the  same  as  the  signal  i^ich 
is  produced  in  the  DGP  when  the  aircraft  turns* 
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Frame  2 


2«      Slave  Mode  of  Operation. 

a.  Purpose;    Used  between  70  i^i-grees  North  and  70  degrees  South 

latitudes  (where  *he  earth's  magnetic  field  is 
parallel  to  the  ^rth), 

NOTE:    For  further  explanation  to  Frame  12  of  Section  B 

in  this  PT. 

b .  Relays : 

(1)  K4  Slave  relay  is  energized  by  the  Mode  Selector  Switch, 
duritig  the  Slave  Mode  of  operation. 

(2)  Kl»  Heading  Set  relay,  will  also  be  energised  when  the 
Heading  Set  Kaob  is  depressed. 

c.  Circuits  used  in  the  Slave  tnodes. 

(1)  Initial  power.  ^ 

(2)  Heading  output  from  the  DGP. 

(3)  Latitude  control  from  the  CSC. 

(4)  Slaving  signal  from  tlie  Remote  Compass  Transmitter. 

d.  Initial  Power:    Initial  power  is  the  same  in  all  modes. 

e.  Slave  Signal:    Trace  in  orfi^^g®* 

(1)  For  review  of  the  Slavfi  mode  and  the  purpose  of  the  Remote 
Compass  Transmitter  output,  refer  to  Frames  7  through  11  of  Section  C 
(Part  I)  of  this  PT. 

(2)  NormaUy»  when  power       first  applied  to  the  system,  the 
mode  switch  will  be  in  the  Slaved  position. 

NOTE:    Relay  K4  is  energised  wh<*n  the  mode  switch  is  positioned 
to  Slave. 

(3)  Using  an  orange  pencil*  ^raw  the  CSC  mode  selector 
switch  to  the  Slave  (S)  position. 

(4)  Trace  from  the  ground,  located  to  the  right  of  Pin  23  on 
P3  of  the  ECA»  to  and  through  the  mo^i^  selector  switch. 

NOTE:    This  is  the  same  ground  which  energises  Kl  when  the  Heading 
Set  Kiiob  is  depressed. 

Continue  out  of  the  CSC  into  Pin  5  of  P3  on  the  ECA.    From  Pin  5,  trace 
through  the  contacts  of  relays  K5  ancJ  K6  to  relay  K4.    Trace  the  contacts 
of  relay  K4  to  the  down  position. 
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NOTE:    Energizing  I-  (Slave)  relay  provides  a  complete  path  for 
the  slaving  signal  :rom  the  remote  compass  transmitter  to  be  applied 
Co  the  slave  torqtier  in  the  DGP/ 

(5)  Locals  Che  Remote  Compass  Transmitter  on  the  left 
side  of  the  diagram.    Trace  the  transmitter  output,  from  the  CX  output 
leads  out  of  Pins  1,  2,  and  3  of  PI  on  the  Remote  Compass  Transmitter. 
Continue  the  signal  into  the  Remote  Cdmpass*  Transmitter  Compensator. 

BOTE:    The  purpose  of  the  Remote  Cdmpass  Transmitter  Compensator 
is  to  provide  a  means  for  correcting  the  errors. 

(6)  Trace  the  correction  voltage  from  the  E-W  and  N-S 
adjustment  potentiometers  to  the  right  and  apply  these  to  the  slaving 
signal.    Continue  the  slaving  signal  out  Pins  7>  8,  and  9  of  P3  on 
the  compensator  to  synchro  B6  in  the  ECA.    From  the  rotor  of  B6  trace 
the  signal  through  amplifier  A4,  the  frequency  halver,  and  amplifier 
A5  to  the  contacts  of  relay  K4. 

(7)  Trace  through  the  bottom  contacts  of  K4,  through 
the  demodulator  and  out  Pins  17  and  18  of  P2  on  the  ECA.  Continue 
into  the  DGP,  through  the  slaving  torquer  to  ground. 

NOTE:    The  demodulator  changes  the  AC  signal  to  DC  for  torquer 
operation. 

(8)  Return  to  the  two  junction  points  above  the  de- 
modulator.   Trace  the  slaving  signal  to  the  left,  to  the  two  junction 
points,  located  to  the  right  of  Pins  8  and  9  of  P3  on  the  ECA.  Trace 
the  signals  up  from  these  junctions  and  out  Pins  6  and  7  >  continuing 
into  the  CSC  and  apply  this  signal  to  the  SYNC  Indicator. 

(9)  Return  to  amplifier  A5  In  the  ECA.  Trace  through 
the  second  set  of  contacts  (counting  from  the  bottom)  of  K4  up  to  the 
open  contacts  of  relay  KL. 

NOTE:    If  KL  Is  energized  by  depressing  the  Heading  Set  Knob, 
'I  e  slaving  signal  will  be  applied  to  amplifier  Al  which  will 
operate  MG'2*    Depressing  the  Heading  Set  Knob  when  in  the  Slave 
mode  causes  the  system  uo  synchronize. 

(10)    Trace  through  the  contact  of  Kl  and  apply  the  signal 
through  Al  to  M&-2.     Trace  the  mechanical  linkage  from  M&-2  to  the 
rotor  of  B7* 

KOTE:    The  output  of  B7  Is  at  this  time  magnetic  heading,  which 
causes  the  indicators  to  Indicate  the  direction  sensed  by  the 
Remote  Cdmpass  Transmitter  (Magnetic  Heading  of  the  aircraft). 


1836 

92 


mi 

f ,     Heading  Signal;    When  the  mode  selector  is  in  the  Slave  position 

and  the  Heading  Set  Knob  is  not  depressed,  the 
Heading  Signal  from  the  DGP  is  the  same  as  in  ' 
t!ie  D6  mode* 

g«     Latitude  Control;      Same  as  in  the  DG  mode,  except  Chat  the 

slave  signal  is  combined  with  latitude 
control « 
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Frame  3 


3.     Q^mpass  Yode.  of  Operation. 

a.  Purpose;    Used  when  the  gyro  fails  to  operate  or  its  output 

is  not  accurate* 

NOTE:    For  further  explanation  refer  to  Frames  13,  lA^  and  15  in 
Section  C  (Part  I)  of  this  FT, 

b.  Relays; 

CD    Relays  Kl,  K3,  and  K4  are  energized  in  the  COMP  mode, 

(2)  Relays  Kl  and  K3  are  energized  by  the  mode  selector 
switch  during  the  COMP  mode  of  operation, 

(3)  Relay  K4  is  energized  fay  the  bottom  contacts  of  relay 
K3  whenever  K3  is  energized. 

c.  Circuits  used  in  the  Compass  mode* 
Cl)    Initial  Power, 

(2)  Slaving  Signal* 

(3)  Heading  output  from  B7  which  is  produced  fay  the  Slaving 
signal  operating  MG-2, 

d»      Initial  Power;    Initial  power  is  the  same  in  all  modes, 

e.      Relay  Operation:    Trace  in  green. 

CD    Using  a  green  pencil,  draw  the  CSC  mode  selector  switch 
the  COMP  CO  position. 

C2)    Trace  from  the  ground  located  to  the  right  of  Pin  23  on 
P3  of  the  EGA  to,  and  through  the  mode  selector  switch  Cnow  in  the 
COMP  position), 

NOTE:    This  is  the  same  ground  which  energizes  K4  in  the  Slave 
mode  and  Kl  when  the  Heading  Set  Knob  is  depressed, 

C3)    Continue  out  Pin  26,  on  P5  of  the  CSC,  into  Pin  24  on 
P3  of  the  ECA,  and  up  to  the  junction  located  below  relay  Kl, 

C4)    Trace  through  the  diode  and  energize  relay  Kl,  Draw 
the  contact  of  Kl  down, 

C5)    Return  to  the  junction  and  trace  to,  and  through  relay 
K3  to  energize  it.     Draw  its  contacts  down, 

NOTE:    When  K3  is  energized,  it  provides  26V  AC  reference  voltage 
to  the  stator  of  B7,    As  this  is  accomplished,  the  DGP  Heading 
Signal  is  eliminated  from  the  ECA  circuitry, 
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(6)    Trace  the  ground  located  at  che  right  of  the  bottooi 
contacts  of  relay  K3.    Draw  the  contacts  of  relay  K4  to  the  energized 
(down)  positioa* 

f *  Circuitry; 

(1)  Due  to  the  fact  that  the  Remote  Compass  Transmitter  output 
is  used  in  both  the  Slave  and  Comp  modes,  the  signal  need  not  be  retraced, 

(2)  Visually  trace  the  transmitter  output  (orange)  to  the 
ECA.     Follow  the  circuitry  through  B6,  A4,  Frequency  Halver,  and 

(3)  Follow  the  signal  through  the  middle  contacts  of  relay  K4 
and  continue  through  the  contact  of  relay  Kl*    Xraca  through  amplifier 
Al  to  M<J*2, 

(4)  MG-2  mechanically  repositions  the  rotor  of  B7  which  has 
26V  AC  applied  to  its  scator,  thereby  producing  a  heading  output. 

(5)  The  output  of  B7  follows  the  same  path  to  the  indicators 
as  the  heading  output  does  in  the  DG  or  Slave  modes* 

NOTE;    In  the  Cbmpass  mode,  the  indicators  indicate  the  magnetic 
heading  sensed  by  the  Remote  Compass  Transmitter. 

If  you  understand  the  system  operation  and  have  colored  in  all  the 
system  circuitry,  you  are  ready  to  start  troubleshooting  on  the  trainer. 
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Instrument/Flight  Control  Branch  3ABR32531-WB-403A 
Chanute  AFB*  Illinois 

BENCH  CHECK  AFRS  SYSTEM  ELECTRONIC  COMPONENTS 

OBJECTIVE 

Glvftn  a  workbook*  test  ^quipmanc^  technical  data  and  trainer^ 
bench  check  repreoencative  components  of  the  attit:ude**heading  reference 
syecem  with  a  minimum  of  80^  accurate. workbook  responses* 

INSTRUCTIONS 

This  workbook  is  to  be  used  in  conjunction  with  prograinmed  text 
3ABR32531-PT-403A,  ELECTRONIC  TEST  EQUIPMENT^ 

This  workbook  is  divided  into  four  (4)  sections  with  ^ach  3c:ition 
containing  the  necessary  instructions  for  bench  checking  one  (1) 
component  of  the  attitude-sheading  reference  system*    At  the  beginning 
of  each  section  you  will  be  issued  a  technical  order  and  De  referred 
to  the  specific  steps,  needed  to  complete  the  bench  check  in  that 
section.    Follow  the  technical  order  steps  unless  directed  otherwise 
by  your  instructor.    If  ANlf  step  is  not  clear  to  you«  check  with  your 
instructor  before  proceeding,    DO  NOT  RU5H1 

SECTION  A 

BENCH  CHECK  OP  THE  AMPLIPIER  POWER  SUPPLY 


EQUIPMENT 


AJM'l? 

Oscilloscope 

Phase  Angle  Voltmeter 

DC  Digital  Voltmeter 

PSM-6 

Amplifier  Power  Supply 

Workbook 

TO  5A1-9-2-2  . 


Basis  of  Issue 

1/s tudent 

1/student 

1/student 

1/student 

1/studenc 

1/student 

1/student 

1/student 


PROCEDURE 


Turn  to  Section  10  in  the  TO,    Follow  the  procedures  step-by~*step 

completing  all  sections  required.    Record  your  results  in  the  spaces 

provided  in  this  workbook.    This  workbook  will  be  checked  by  the 
instructor.    Remove  your  jewelry. 


Supersedes  3ABR32531-WB-403A,  21  April  1975j  3ABR32531-WB-403B, 
27  March  1974;  3ABR32531-WB-403C,  27  March  1974;  3ABR32531-WB-403D, 
9  January  1975, 
OPR:    3360  TTG 

DISTRIBUTION:    X  ^ 

3360  TTGTC/W  -  250;    TTVSR  -  1  ^802 


Inspection 

Preliminary  Operation  Instructions*    (Refer  to  TO  paragraph  10-2.) 

1.    In  the  spaces  fcllo«ring»  list  any  damage  or  corrosion  found 
during  the  visual  inspection,   


2*  tlo  response  required, 
3t    tlo  response  raquired* 

4,  Ho  response  required. 

5.  Time  totalizing  operation* 
Sat   Unsat 


POWER  OtI  Ump^ 
Sat  


Unsat 


6,  No  response  required* 

7,  Use  tible  1  below. 


VOLTACE  mDIMGS 

SAT 

UHSAT 

K 

Table  1. 
Bench  Check 

Resistance  Continuity.    (Refer  to  TO  paragraph  10-3.) 

1.    Place  resistance  continuity  switch  in  each  of  the  positions 
Indicated  In  table  2  aiid  monitor  output  on  multimeter* 


RESISTANCE  OOMTXmilTY 
(awlccb  pMlcion) 

MULTIMETER  IJIDICATION 
(ohms) 

SAT 

UNSAT 

1 

2 

3 

■ 

4 

5 

6 

7 

8 

Off  . 

Table  2.    Reslstanc*  Continuity  Test* 


Voltage  Continuity*    (Refer  to  TO  paragraph  10-4.) 


1.    Place  voltage  continuity  switch  in  position  11,    Wait  Z  (two) 
minutes,  then  proceed  with  TO  table  10-3*    DO  KOT  PERFORM  TEST  1  THROUGH  10. 


VOLI&GE 
C0MIIII0IT7 
(switch  pos.) 


HULTIHETBR 
<  HEADING 
(ohms) 


D-C  VTVM 
READING 
(VDC) 


A-C  VTVM 
READING 
(VAC) 


PRASE 
REFERENCE 
Dial  Reading* 
(degrees) 


^Adjust  phase  reference  control  until  an  inphase  pattern  on  the 
oscilloscope  and  note  phase  reference  dial  indication* 


Table  3*    Volt^e  Contln'jlty  T*tHi. 


a.     Circle  unsatisfactory  readinss  In  table  3. 

Erection  Cutout  and  Fast  Erection.    (Refer  to  TO  paragraph  10-5.) 

1.    Place  switches  In  positions  Indicated  in  table  4  and  monitor 
output. 

a>      Circle  unsatisfactory  readings  in  table  4. 
Power  Interruption.    (Refer* to  TO  paragraph  10^6.) 

1.  Ho  response  required. 

2.  Ho  response  re<}ulred. 

3.  'Reading  .  Sat   Unsat  

Power  Failure  Warning.    (Refer  to  TO  paragraph  10-7.) 

1,    HuitlBieter  Reading  .  Sat    Unsat  

a.     AC  VTVM  Reading  .  Sat  Unsat   


AHPtinER-BRECTXON 
(stfitch  pos.) 

ERECTION 
(switch  pos.)  . 

 1 

PAST  ERECTION 
(switch  pos.) 

A-C  VTVM 
readings  (VAC) 

1 

»08HAL 

NORMAL 

I 

mmAL 

PAST 

1 

BDLL  CUTOUT 

FAST 

1 

ROLL  CUTOUT 

•NORMAL 

2 

HOHHAL 

NORMAL 

2 

NOBMAL 

PAST 

2 

PITCH  CUTOOT 

FAST 

2 

PITCH  CUTOUT 

NORMAL 

Table  4.    Erection  Cutout  and  Fast  Erection  Test. 


2.  Multimeter  Reading  .  Sat    Unsat 

3.  Multimeter  Reading     -  ^  .  Sat    Unsat 

4.  Ho  response  required. 
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Uv^Iing  Plckoff  Excitation*    (Refer  to  TO  paragraph  10-8») 

1.    AC  VTVM  Reading  »  Sat    Unsat^  

00  NOT  PERgQHM  paragraphs  10-9,  10-10,  and  10-11* 
Boll  Servoalana*    (Refer  to  TO  paragraph  10-12* ) 

1.  Ko  response  required* 

Caution:    PLACE  THE  ACTM  RANGE  SELECTOR  TO  THE  IV  RANGE!  1! 

2.  Ifijltimeter  Reading  »  Sat    Unsat   

Caution:    PUCE  THE  ACVM  RANGE  SELECTOR  TO  THE  300V  RANGEl!! 

3.  Multimeter  Reading   »  Sat    Unsat   

4r    Multimeter  Reading  »  Sat   Unsat   

5.    Multimeter  Reading  »  Sat    Unsat   

Pitch  Servoalann.    (Refer  to  TO  paragraph  10-13») 

1.  Multimeter  Reading  »  Sat    Unsat   

2.  Multimeter  Reading  »  Sat   Unsat   

Conclusion  of  Testing*     (Refer  to  TO  paragraph  10-14») 

1«  No  response  requirt^d* 
2*  Ho  response  required* 
3*    No  response  required* 

4*    Position  switches  and  controls,  rempve  power  and  disconnect 
associated  test  equipment  from  test  panel  according  to  procedure  inap 
plicable  test  equipment  operating  instructions* 

5.    Have  your  Instructor  check  your  workbook* 

6^    Replace  dust  covers  on  equipment* 

7«    Replace  components  in  storage^ 


SECTIOH  B 


BEHCH  CHECK  RATE  OF  TURN  GYRO  TRANSMITTER 


EQUIPMENT 


Rate-of-Turn  Gyro  Transmitter 

Rate  Table 

AJM-17  Test  Set 

Digital  DC  Voltmeter 

TO  5A1-9-2-2 

Workbook 


Basis  of  Issue 

l/student 

1/student 

l/student 

l/student 

l/student 

l/student 


PROCEDORES 


Turn  to  page  8-1  in  TO  5A1-9-2-2,  MAINTENANCE  INSTRUCTIONS  FOR 
THE  RATE-OF-TURN  GYRO  TRANSMITTER.    Follow  the  instructions  exactly 
as  thay  are  given*    Record  your  results  in  the  spaces  provided  in 
thia  workbook.    Answer  questions  in  this  workbook  and  indicate  if  the 
checks  are  satisfactory  or  unsatisfactory  in  the  spaces  provided*  This 
workbook  will  be  checked  by  your  instructor*    Remove  your  jewelry. 

INSPECTION 

1*      Preliminary  Checks  (TO  para  8-2). 

a.     Make  a  visual  inspection  as  per  TO  instructions. 

b«.^   tist  any  damages  or  corrosion  found  during  the  visual 
inspection* 


c.      Position  the  Rate  Gyro  Transmitter  Test  Panel  (AJM-17) 
controls  and  switches  as  indicated  in  table  8-1  in  the  TO* 

d*      Connect  bench  test  set-up  in  accordance  with  figure  8-1 
as  In  the  TO* 


-5  5,97' 


BENCH  CHECK 

1'     Power  Consumption  Test  (TO  para  8^3) » 

a.  The  highest  reading  within  5  seconds  was  ma. 
Check  is  satisfactory   unsatisfactory 

b,  X26  position        ^  milliamperes. 

Check  is  satisfactory  unsatisfactory 

c,  X115  position  millianiperes. 

Check  is  satisfactory  unsatisfactory 

d.  Circle  the  correct  answer  below. 

With  the  RANGE  switch  and  RATE  SET  potentiometer  set  as  shown 
by  the  figure  below>  what  is  the  rate  of  turn? 

(1)  2  degrees  p«r  mln, 

(2)  20  degrees  per  mln.  ^ 

(3)  200  degrees  per  mln. 

(4)  2000  degrees  per  min. 

.3-18  30-380 

® 

RANGE 

2,     Output  Sensitivity  and  Null  Limits  Check  (TO  para  8-4), 
a.      Indication  of  the  DC  VTVM  with  rate  table  In  "stop" 


Satisfactory   Unsatisfactory 


bt     Complete  the  following  table  for  the  DC  VTVM  readings 
Indicating  if  each  check  Is  satisfactory  or  unsatisfactory. 


RATE  SET  Control 
Setting 

ROTATION  Switch 
Position 

D-C  Vtvm 
Indication 

SAT 

miSAT 

045,0  (45»  per  aln) 

090.0  (90^  per  ttUn) 

180.0  (180*  per  mln) 

360.0  (360*  per  min) 

Place  rate  table 
Placa  rotation 
Ratum  rata  tabl 

360*0  (360*  per  mln) 

180*0  (180*  per  mln) 

090,0  (90*  per  mln) 

045.0  (45*  par  i^jLaJ 

CW 
CW 
CW 
CW 

power  switch  In 
witch  In  CCW  posl 
a  power  switch  to 

CCW 

CCW 

CCW 

CCW 

off  position* 
tlon. 

on  position. 

(Otait  TO  paragraphs  8-5,  8-6,  and  8-7-) 


3,      Conclusion  of  Teatlng  (XO  para  8-8), 

a.  After  completion  of  para  8^8,  have  the  in^^truction 
chack  your  workbook* 

b.  Replace-dust  caps  on  equipment  as  required, 

c.  Replace  the  components  In  storage. 
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SECTION  C 


BENCH  CHECK  SWITCHING  RATE  GYRO 


EQUIPMENT 

Basis  of  Issue 

AJM-17  Test  Set,  1/student 

Switching  Rate  Gyro  1/student 

Rate  Table  1/student 

Electronic  Counter  1/student 

Iforkbook  1/student 

TO  5Al-9-2*2  1/student 


PROCEDURE 

The  TO  and  workbook  provide  the  operational  instructions  necessary 
for  operating  the  AJM**17  test  set  when  bench  checking  the  switching 
rate  gyro.    Follow  the  Instructions  carefully.    Spaces  are  provldcxl 
for  recording  the  results  of  each  check.    This  workbook  will  be  checked 
by  the  Instructor.    Remove  all  jewelry. 


INSPECTION 


1.     Prellmlnsry  Checks.    (TO  para.  16-2) 

a.     Make  a  visual  Inspection  as  per  TO  Instructions. 


b.     List  In  the  spaces  below^  any  damage  or  corrosion  found. 


(1) 
(2) 
(3) 


c.     Position  the  switching  rate  gyro  test  panel  (AJM^l?) 
controls  and  switches  as  Indicated  in  table  16-1  In  the  TO. 


d.      Connect  bench  test  set*up  In  accordance  with  figure 
16*1  In  the  TO, 


Caution:    The  RATE  SET  control  Is  offset  from  zero.    Do  not 
turn  It  counterclockwise  below  a  setting  of  0150  or  clockwise 
above  a  setting  of  3850.    The  calibration  and  accuracy  of  the 
RATE  SET  control  caB  be  destroyed  by  forcing  It  against  Its 
potentiometer  stops. 

Do  not  change  the  position  of  the  ROTATION  switch  without  first 
placing  the  rate  table  POHER  switch  In  the  OFF  position. 


Keep  the  cable  assembly  from  becoming  entangled  during  rate 
table  operation.    Excessive  drag  oay  result  In  Invalid  test  results^ 
and  equipment  damage. 

10  ' 


e.     Position  the  rate  table  switches  and  controls  as 
indicated  in  table  16-2, 

f«     Position  electronic  counter  switches  and  controls 

as  indicated  in  tables  la  or  lb.    Table  la  contains  the  settings 

for  the  Hewlett  Packard  counter.  Table  lb  contains  the  settings 
for  the  Eldorado  counter. 


Switch  or  Control 

Position 

1  — 
Switch  or  Control 

Pc  sltlon 

TRIGGER  SLOPE 
START  switch 

+ 

POWER  switch 

ON 

STORAGE 

OPF 

TRIGGER  SLOPE 
STOP  switch 

DISPLAY 

C/W 

RESET 

Press  to 
clear  dlspla  r 

INPUTS  switch 

ccemoN 

TR^CGGER  LEVEL 
START  control 

XIO  and  2 
(DC) 

MODE 

A2  1 

TIME 

10.5 

TRIGGER  LEVEL 
STOP  control 

XIO  and  2 
(DC) 

INPUTS 

X  1 

CIRCUIT  switches 

DC 

FUNCTION  SELECTOR 
switch 

TIME  IKTERVAL 

SLOPE  A 

SLOPE  B 

TIME  UNIT  switch 

SEC 

POWER  switch 

ON 

Table  la. 

Table  ib. 

Sat 


BENCH  CHECK 

1.      Power  Consumption  Test.    (TO  para.  16-3) 

a.     Results  of  GYKO  NORMAL  and  POWER  lamps  check. 
.  Ifhsat 


b.     Results  of  Power  Consumption  Test.  Sat 


Unsat 


2,     Switching  Rate  Test,     (TO  para,  16-4) 

a.      Adjust  the  race  table  for  direcwion  and  rotational 
speed  as  specified  In  the  TO.    Record  t^jtie  and  results  of  the  test< 


Control  Setting 

Rotation 

\    Time  Interval 
'    for  switchitig 
(ma;:  seconds) 

IS^/Min. 

CW 

20VMin. 

CW 

45VMin. 

CW 

'  1 

180* /Min.        1  CW 

4  j 

! 

Actual  Time 
interval 


R<ssults 
S  U 


Place  rats  table  PO^fER  switch  in  OFF  position. 
Place  rate  tab!*:  ROTAIIOK  switch  in  CCW  position. 
Return  rat^  ta'ble  PC^iEA  switch  to  03^  position* 


180' /Min. 

!  CCW 
i 

j  CCW 

ao'/Min. 

15°/Min. 

1 

i  CCW 

4 

3 

i.  J 

30 


b.     At  the  conclusion  of  step  a  for  the  last  rotational 
rate  listed^  place  tesc  panri  TATE  TABL*"  sijiuch  in  the  STOP  position 


3,     Power  Failure  Test,    (TO  para,  16-5) 

Results  of  power  .^ailure  test.  Sat 


a  * 

b. 


Unsat 


observed. 


In  the  spaces  below.  list  any  abnormal  indications 

(1)   - 

(2)   :  . 

(3)  :  . 

1.902 
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Caution:    Walt  five  minutes  for  the  switching  race  gyro  motor 
to  coast  down  before  removing  the  unit  from  the  rate  tab!?. 
Otherwise  component  damage  may  result. 

Conclusion  of  Testing. 

a.  After  completion  o£  paragraph  16-6,  have  the  in  tructor 
check  your  workbook. 

b.  Replace  dust  caps  on  equipment  as  required. 

c.  Replace  components  in  storage* 

SECTION  D 
^EUCK  CHECK  OF  THE  DUAL  TIMsR 


EQUIPMENT 


AJM-17  Test  Set 

Electronic  Counter  (H*Packard) 
Dual  Timer 
TO  5Al'9-2-2 
Workbook 


Basis  of  Issue 
1/  student 
1/s  tudent 
1/student 
1 /student 
1/student 


PBOCEDURE 

ft 

Turn  to  section  21  in  TO  5Al-9'2-2.    Follow  the  procedures  step' 
by-step  completi,ng        sections  required^    ftecord  your  results  in  the 
spaces  provided  in  this  workbook.    This  workbook  will  be  checked  by  the 
instructor.    Remove  your  jevelry. 


INSPECTION 


a.      Preliminary  Operation  lastnjictlons .    (Refer  to  TO  para  21*-?-) 

In  the  spaces  provided,  list  any  damages  found  during  the  visual 
inspection  for  para  21-2.  s^isos  1  through  3,  then  provide  nece:sary 
responses  for  the  remainlug  steps. 

1.   

2.  ____ 

3.  ,  *_ 

4.  Satisfac'iory 

5.  Satisf acufiry 

6.  Satisfactory 

7.  Satisfactory 


Unsatisfactory 
unsatisfactory 
Unsatisfactory 
TJns  at  is  factory 
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Seeps  8  through  11 
No  response  required* 

b*      Init'' Timer  Wann'^Up*    Provide  Che  necessary  responses 
for  steps  1  thi  'ugh  7  in  para  21-3* 

1    through    S     No  response  required 

5  Satisfactory  Unsatisfactory  

6  through    7  -  No  response  required 

c«      Pullup  and  Release  TJ^jner,     Use  table  1  belov  to  record 
Electronic  Counter  Indications  when  performdtng  procedures  outlined 
i-  para  21-A*    Check  as.  Satisfactory  or  Unsatisfactory* 


Mode  Switch 

Dual  Timer 

Electronic  Counter 

Position 

Pullup 

1  Release 

! 

Indications 
(Seconds) 

Sat* 

Unsat* 

4 

30,0 

j  15*0 

* 

; 

4 

0.2 

0,2 

3 

60.0 

0*0 

3 

30.0 

0*0 

3 

0.2 

0*0 

4 

CO 

30*0 

4 

0.0 

15*0 

4 

0.0 

0*2 

Table  1* 

d*     Lighting,    Provide  the  necessary  responses  for  steps  1  ar.d 
2  in  para  21-5* 

1*      ON    OFF  

2*     Setisfactory   Unsatisfactory  

e*      Automatic  Shutoff.    Provide  the  necessary  responses  for 
steps  1  through  4  in  para  21*6. 

Steps  1  through  3*    ^o  response^ required* 


1904 


4*     Electronic  Counter  Indication  , 

Satisfactory    Unsatisfactory   

Conclusion  of  testing,    (Refer  to  para  21*7) 

1*     Complete  procedures  in  para  21-7*    Wo  response  required* 

2»     Have  your  instructor  check  your  workbook. 

3*     Replacs  components  in  storage* 
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FOREWORD 


This  progranuued  text  was  prepared  for  use  in  the  3ABR32531 
course  of  instruction,  and  was  validated  using  20  students  enrolled 
in  that  course.    Ninety-five  percent  of  the  students  achieved  the 
objectives  as  stated.    The  average  time  required  to  complete  this 
text  was  1  hour  37  minutes. 

OBJECTIVES 

After  completing  this  programmed  text^  and  without  the  aid 
of  reference,  demonstrate  your  knowledge  of  the  MC-1  compass 
calibrator  by; 

1.  Identifying  the  purpose  of  the  MC-1  and  each  of  its 
components  with  an  accuracy  of  80%. 

2.  Matching  each  MC-1  component  to  its  function  with  an 
accuracy  of  807. 

3.  Identifying  the  compass  swing  site  requirements  with 
an  accuracy 'of  70JS. 

INSTRUCTIONS 

this  programmed  text  presents  information  in  small  steps  called 
frames.    Each  frame  is  followed  by  some  form  of  questioning.  Immedi- 
ately after  reading  each  frame,  you  will  make  the  required  response. 
Check  your  answers  each  time  with  the  correct  answer  shown  at  the  end 
of  the  following  frame.    If  you  make  the  correct  response,  go  on  to 
the  next  frame.    If  you  make  an  incorrect  response,  reread  the  frao^ 
before  going  on  to  the  next  frame.    Be  sure  you  understand  the 
material  presented  in  each  frame  before  continuing. 


The  gyro  stabilized  magnetic  compass  system  provides  aircraft 
crew  members  with  indications  of  the  aircraft's  magnetic  heading. 
Readings  taken  £rora  the  compass  indicator  provide  references  for 
navigating  the  aircraft.    Unless  thtse  indications  are  without 
error*  accurate  navigation  is  not  possible.    Compass  swings  are 
performed  to  insure  magnetic  heading  accuracy.    Compass  swings 
determine  the  amount  of  error  in  the  indicator  readings  and  are 
used  to  remove  these  errors.    In  this  text*  you  will  learn  the 
procedures  used  with  the  MC-1  compass  calibrator.    The  calibrator 
is  used  to  determine  the  amount  of  error  in  a  compass  system  and  to 
calibrate  the  system.    The  MC-1  is  used  to  calibrate  most  modern 
aircraft  compass  systems  that  use  a  remote  transmitter  as  a 
directional  reference. 

No  Response  Required. 


mo 

'Frame  2 

^en  swinging  a  compass  system,  using  tl  sight  compass  or 
compass  rose,  the  aircraft  must  be  towed  or  taxied  through  seC* 
of  azimuth*    When  using  the  MC'-l  compass  calibrator  to  perform 
the  swing,  the  aircraft  is  parked  on  a  north-south  line*  With 
the  MC-1,  the  aircraft  is  not  moved  during  the  swing 

Place  a  check  (/)  in  front  of  the  true  statements. 

 a.      Sight  compasses  are  used  with  the  MC-1, 


When  using  a  sight  compass,  the  aircraft  is  not  rotated 
through  360*. 

_c*      When  using  the  MC-1,  the  aircraft  remains  on  a  north-south 
line. 


,  Frame  3 

The  MC-1  Compass  Calibrator  consists  of  the- components  shown,  the 
description  and  purpose  o£  these  components  will  be  defined  in  the 
following  frames.  « 

No  Response  Required 


CONSOLE 


MONITOR 


TURNTABLE 


POWER  SUPPLY 


\ 


CABI.KS 


TRIPOD 


OPTICAL  TRANSFER 
EQUIPMENT 


Hi  Ca  Ca 

Oi  Cs^  o 


CONNECTORS 


HC^l  Components  and  Auxiliary  Equipmetit. 


Answers  to  Frame  2: 


Frame  4 

A  magnetic  survey  of  Che  compass  swing  location  must  be 
accomplished*    Accurate  compass  swings  cannot  be  performed  until 
this  is  done*    The  purpose  of  the  magnetic  survey  is  to  determine 
whether  the  earth's  magnetic  field  in  that  area  is  uniform  in  both 
direction  and  strength. 

Place  a  check  {/)  In  front  of  the  true  statements  below. 

a.      The  magnetic  survey  is  to  check  the  accuracy  of  the 
aircraft's  compass. 

 b.      Uniformity  of  the  earth's  magnetic  field  is  checked 

during  a  magnetic  survey. 

c.      Magnetic  surveys  are  performed  after  compass  swings. 
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A  selected  area  which  meets  the  conditions  of  the  magnetic 
survey  must  be  checked  at  least  once  a  year.    This  check  is  to 
see  if  the  earth^s  magnetic  field  has  changed  in  the  swing  area* 
The  check  will  also  be  made  if  there  is  a  physical  change  in  the 
site  (now  buildings,  roads,  etc*)*    A  physical  change  may  result 
in  a  magnetic  disturbance* 

Place  a  check  (/)  in  front  of  the  true  statements* 

 a*      Compass  swing  areas  must  be  checked  at  least  once  a  year< 


b *      Checks  of  the  area  are  made  to  see  if  the  earth's 

magnetic  field  is  the  same  as  during  the  initial  survey, 

c»     Checks  are  not  necessary  when  new  buildings  are 
constructed  in  the  swing  area* 

Answers  to  Frame  4:  a*       /   b*  c. 
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Frame  $ 

The  compass  swing  site  must  be  easy  to  get  to*    It  muse  ^Iso 
be  large  enough  to  allow  Che  aircraft  cq  he  cowed  in  and  aligned 
Co  magnecic  north*    The  area  muse  be  free  of  oucslde  magnecie 
discurbances ^uch  as  large  buildings,  cowers  and  craffic*    If  Che 
magnecic  survey  decermlnes  chac  che  earch^s  magnecic  field  is  not 
uniform  in  boch  screngch  and  direccion,  then  anocher  locaclon  muse 
be  selecced.    On  page  7  chere  is  an  illuscracion  of  a  typical  swing 
sice  and  equipment  sec  up  for  performing  a  compass  swing. 


Using  Che  illuscration  when  needed,  place  a  check  (/)  in  front 
of  Che  crue  scacemencs* 


a.     Area  size  has  no  bearing  on  the  swing  area  seleccion. 


 b.     Another  area  must  be  used  if  che  magnecic  field  is  not 

uniform  in  strength  or  direction. 

 c.      A  metal  shed  near  the  swing  area  would  have  no  effect 

017  the  swing  area. 

Answers  to  Frame  5:       /    a.       /   c. 
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Frame  7 

The  components  of  the  MC-1  calibrator  used  in  the  area  survey  ' 

are: 

1*      Field  monitor  -  used  with  the  console  during  the  magnetic 
survey  to  measure  the  strength  and  direction  of  the  earth's  magnetic 
field, 

2.  Console  *^  has  the  necessary  controls^  switches  and 
indicators  to  perform  surveys  and  compass  swings, 

3,  Power  sAipjfly  -  is  an  inverter  with  its  own  moimting, 
connecting  provisions  and  power  cable.    This  unit  converts  DC 
to  AC  '^^OO-Hertz  for  console  power. 

Place  a  check  (/)  in  front  of  the  components  listed  below  that 
are  used  to  perform  a  magnetic  survey. 

 ^a.  Console. 


b.  Turntable. 


c.      Field  monitor^ 


d.     Power  supply • 
Answers  to  Frame  6;  a.      _/  b.  c. 
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Frame  d 


Let* 3, review  the  material  chat  has  beea  covered  so  £ar»    Place  a 
check  (/)  in  front  of  the  true  scacements  below« 

a4     When  using  Che  MC-1  to  perform  compas,s  swings »  the  aircraft 
must  be  rotated  through  360^ » 

b4     Magnetic  surveys  are  performed  to  check  the  output  of  the 
aircraft  compass. 

^4     Magnetic  aurveys  must  be  performed  before  compass  swings 
can  be  accomplished  4 

 d4     A  check  of  the  swing  site  must  be  performed  at  least  once 

each  year^ 

 64      Areas  to  be  surveyed  must  be  at  least  100  square  yards 

In  size  4 

 ^f4     When  performing  compass  swings  using  the  MC-1,  sight 

compasses  are  not  used4 

Place  a  check  C*^)  In  front  of  the  components  that  are  used 
during  a  magnetic  survey  4 

 ^4      Turntable  4 

 h*  Console4 


I4  Monitor^ 


 j  4     Power  supply . 

Answers  to  Frame  7;       /  a^  b  >       /  c*       /  d^ 


1.     A  ttipod  used  for  mounting  the  following: 

a*      A  22  power  telescope  for  sighting  targets »    The  telescope 
contains  adjustments  for  focusing* 

b*     An  azimuth  dial  that  is  provided  for  alignment  of  the 
monitor  and  reading  r^irections  viewed  through  the  telescope* 

c.      The  sensing  unit  which  senses  the  direction  of  the 
earth's  ma5?netic  field       nonpendulous  sensitive  element). 

Match  the  items  in  column  A  with  their  function  In  column  S  by 
placing  the  correct  number  in  the  proper  space* 


Column  A 


a*      Azimuth  dial 


b»      Sensing  unit 


c.  Adjustments 


Column  B 

1»      Provided  for  alignment  of  the 
monitor  and  reading  directions 
viewed  through  the  telescope* 

2.      Focusing  for  distance  and 
cross  hair. 

3*      Mounting  for  the  monitor. 

4*      Senses  the  earth's  magnetic 
field* 


Answers  to  Frame  8^  a.    _ 

/   f*   ^g.     /   h>       /  i*       /  j* 


b»      /    c»  / 


e* 


19L3. 
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The  master  direction  sensing  unit  Is  mounted  below  the  telescope 
as  shown  in  the  figure  below*    Like  the  remote  cotnpass  transmitter, 
this  unit  contains  three  pickup  coils*    These  coils  sense  the 
north-south  direction  of  the  earth's  magnetic  field*    Unlike  the 
compass  transmitter,  the  pickup  coils  are  not  pendulously  (hanging)* 
mounted*    This  means  that  much  care  must  be  taken  to  insure  that  the 
monitor  is  level  when  it  is  being  used. 


MAGNETIC 


Place  a  check  (/)  in  front  of  the  true  statements  below* 

 a*     The  pickup  coils  in  the  sensing  unit  sense  the  direction 

of  thfi  earth's  magnetic  field* 

b*     The  sensing  unit  is  pendulously  mounted* 

 c*     Care  must  be  taken  in  leveling  the  monitor - 

Answers  to  Frame  9:       1    a*       4   b*       2  c* 


11 


North-South  line  as  dhown  below.    This  line  13  used  to  align  the 
aircraft  to  magnetic  north  during  compass  swings  as  shown  in  the 
figure.    The  location  picked  for  the  field  monitor^  turntable^  and 
North-South  line  are  determined  during  survey  of  the  awing  site. 
The  target  bearing  ia  permanently  recorded  near  the  location 
established  for  the  monitor.    Note  that  the  bearing  in  the  figure 
and  would  be  marked  on  the  pavement »  the  turntable 
also  shown  In  the  figure. 
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NORTH-SOUTH  LINE  LAID  OUT  PARALLEL  TO 
THE  MAGNETIC  NORTH  HEADING  AT 
TURNTABLE  LOCATION 


I 


TURNTABLE  LOCATfOM 
(DIRECTUr  BELOW  AIRCRAFT 
TRANSMITTER  LOCATION) 


TURNTABLE  LOCATION^ 
CORRECTION  PAINTED 
ON  PAVEMENT 

Using  the  Illustration  when  needed,  place  a  check  (/)  in  the  space 
next  to  the  true  statements. 


a. 


b. 


d. 


The  reference  target  bearing,  location  of  components  and  the 
north-south  line  are  determined  by  using  the  console  and  the 
turntable « 

The  target  bearing  will  be  marked  near  the  north-south 
reference  line . 

Tlie  console  and  monitor  are  used  during  the  survey  to 
determine  component  location. 

The  turntable  correction  is  +13*. 

/a,  b.       /  c* 


Answers  to  Frame  10: 


j^x*i.AiV5  uii^  xiixuxax  a4,«<i  ^urwyi  utie  ireiereace  Largec  and  trie 
reference  target  bearing  are  established.    The  target  should  be  an 
object  (building  or  tower)  1/2  otlle  or  more  from  the  swing  site  (see 
figure  on  page  7>  Compass  Swing  Equipment  Set-Up),    The  magnetic 
bearing  of  this  target  is  used  as  a  reference  during  compass  swings. 
The  bearing  of  this  target  Is  permanently  marked  at  the  selected 
monitor  location. 

Place  a  check  (/)  In  front  of  the  true  statement(s) . 

a.      Reference  targets  are  less  than  1/2  mile  from  the  swing 
location . 

 b.     The  bearing  of  the  reference  target  Is  permanently  marked 

at  the  monitor  location. 

c.     Target  bearing  Is  used  during  compass  swings. 

Answers  to  Frame  11:  a.  b.       /c.  /d. 


Column  I,  to  match  the  purpose  to  the  unit* 

I  II 
a.      Adjustments  !♦    Focusing  for  distance  and 


Azimuth  Dial 


Sensing  unit 


cross  hairs  * 

2*    Mounting  for  the  monitor- 

3*    Reads  direction  received 
through  the  telescope* 

4*    Senses  the  earth's  magnetic 
field. 

Complete  the  following  statements  by  underlining  the  correct 
answer (s ) t 

dt      The  target  bearing  will  be  permanently  marked  near  the 
(cuiTitable,  monitor)  location* 

a«      The  (monitor  and  console,  turntable  and  console)  are  used  to 
determine  the  reference  target  bearing  * 

ft      Reference  targets  must  be  at  least  (1/4,  1/2,  3/4)  mile  from 
the  Swing  site* 

Anawers  to  Frame  12: 


been  completed«  The  MC-1  components  that  are  usad  to  complete  a 

magnetic  survey  are  also  used  to  perform  the  compass  swings «  In 

addition  to  the  console,  monitor,  and  power  supply,  Che  curnCable 

is  also  used  to  perform  the  compass  swing« 

Place  a  check  (/)  in  front  of  the  true  statements  below« 

a*      Compass  swings  are  performed  af Cer  area  magnetic  surveys 
are  completed« 

 b*      Components  used  during  the  survey  are  also  used  during  compass 

swings « 

 c*      The  turntable  is  the  MC-1  component  not  used  during  Che  survey* 

Answers  to  Frame  13: 
X    a*       3    b*       4    c*    Monitor  d*    Monitor  and  Cdnsole  e.    1/2  f* 


^•923 


A  compass  swing  data  sheet  (AFTO  Form  S3)  is  provided  for  use 
when  compass  swings  are  performed «    This  sheet  is  used  as  a  guide 
for  performing  compass  swings.    It  gives  control  and  switch  settings 
to  be  set  on  the  console  for  each  check*    Spaces  are  provided  for 
recording  values  read  from  the  monitor  and  console  for  each  step. 
The  entries  in  the  spaces  are  keyed  to  the  paragraph  in  the  TO  that  is 
used  CO  perform  the  operating  procedures. 

Place  a  check  (/)  next  to  the  true  statement(s) . 

a.      The  AFTO  Form  53  provides  procedures  to  perform  a  compass 
swing* 

 b*     A  swing  data  sheet  is  a  guide  co  be  used  when  performing 

compass  swings » 

c.      Spaces  are  provided  on  the  swing  sheet  to  record  aircraft 
compass  readings » 

 d*      The  AFTO  Form  53  is  keyed  by  paragraph  to  the  TO. 

Answers  to  Frame  14:       /   a.       /  /  c. 
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.1924 


V  th3C  are  used  during  compass  swings, 

 a.  Monicor4 

___Jb  4      Console  4 

C4      Power  Supply 4 
 ^d4  Tumtable4 

Complete  the  scacements  below  by  undarl Inlng  the  correct  answer(s)4 

e4      Compass  swing  are  performed  (before,  after)  the  magnetic 
survey  Is  accomplished  4 

£4     The  Swing  Data  Sheet  (is,  is  not)  used  as  a  guide  in 
perfor^ng  compass  swings  4 

Answers  to  Frame  15:   ^a,       /   b,   ^C4       /  d4 


c 


17 


I 


1.925 


The  compass  swing  procedures  consisc  of  Che  following  related 
operations  that  must  be  performed  in  the  order  given: 

a*      Equipment  Set-up 

b.     Magnetic  North  Alignment  of  the  Transmitter 

c*      Determination  of  the  El  and  E2  Voltages  or  the  Transmitter. 

d*      Determination  of  the  180  and  270  Crosstalk  Values* 

e*      Optical  Transfer  of  the  Transmitter* 

f*      Actual  Aircraft  Compass  Swing. 

Each  of  the  above  steps  will  be  covered  separately*    These  steps 
will  include  procedures  to  be  followed  to  perform  each  major  operation* 
You  will  find  than  the  first  five  steps  are  preparations  necessary  in 
performing  the  actual  aircraft  comfpass  swing.    The  last  step  (f)  is 
the  actual  compaaa  swing* 

NO  RESPONSE  REQUIHED 
Answers  to  Fraaie  16*     /  a>       b*    /  c*    /  d*    After  e*    is  f  * 


18 


monitor  end  turntable  are  set  up  at  the  locations  established  during  the 
magnetic  durv&>^*    Cable  connections  are  made  between  the  power  supply, 
monitor^  and  console^  as  shown  below*    Note  that  certain  distances 
hava  to  be  met  In  setting  up  tha  equipment  to  prevent  electrical 
Interfarences*    The  aircraft  is  not  normally  In  position  at  the  swing 
area  at  this  time* 


TARGET 


Compass  Swing  Equipment  Setup* 

Place  a  check  (/)  in  front  of  the  true  statementCs) * 

a*     When  setting  up  for  a  compass  swings  calibrator  components 
can  be  placed  wherever  It  Is  convenient  to  use  them* 

b*     The  aircraft  must  be  In  position  before  calibrator  components 
are  set  into  position* 

c*     The  field  monitor  and  turntable  locations  are  selected 
during  the  area  survey. 


After  Che  monicor  has  been  set  up  ana  levej^ea       xl^  yL^iJ^i. 
location^  it  is  used  to  determine  the  magnetic  bearing  at  the 
North-South  line*    Thie  is  to  determine  whether  the  earch^s 
magnetic  field  has  changad  in  direction  and  strength  since  Che 
original  area  sumrey  was  perfonoed*    Any  difference  that  exists 
is  known  as  a  monitor  index  error. 

The  monitor  will  be  used  to  '^monltor^*  any  changes  in  magnetic 
conditions  during  the  remainder  of  the  compass  swing  procedures. 

Place  a  check  (/)  in  front  of  the  true  statement(s) * 

 a*     During  set  up  procedures^  the  initial  survey  of  the 

swing  area  le  made, 

 b*     The  monitor  is  used  to  determine  the  magnetic  bearing 

of  the  North-South  line. 

Answers  to  Frame  18i   ^a*   b*      /  c* 
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The  second  step  Is  the  magnetic  north  alignment  of  the  aircraft 
remote  cootpass  transoaitter .    The  compass  transmitter  must  be  removed 
from  the  aircraft  and  mounted  on  the  turntable*    The  turntable  is 
similar  to  the  monitor*    In  place  of  the  telescope  and  master  sensing 
unit,  it  has  a  mounting  flange  for  the  transmitter*    The  dial  on  the 
turntable  serves  as  the  azimuth  reference  for  positioning  the 
transmitter  to  the  desired  headings*    See  the  figure  below* 


Transmitter  Mounted  on  Turntable. 
Check  the  true  statements  below* 

a*      In  this  portion  of  the  swing,  che  monitor  transmitter  is 
aligned  to  north. 

 b.     A  maeter  sensing  unit  is  provided  on  the  turntable. 

 ^c*     During  north  alignment  of  the  transmitter,  it  remains  in 

the  aircraft* 

 d.     To  align  the  transmitter,  it  is  mounted  on  the  turntable. 

e.     A  telescope  is  provided  on  the  turntable  to  align  the 
transmitter  to  the  desired  heading. 

Answers  to  Frame  19:  a.     /  b. 


'1.929 


Frame  21 


Recall  that  the  function  of  the  remote  compass  transmitter  Is 
to  aupply  the  compasa  system  with  an  electrical  signal  which 
represents  the  direction  the  aircraft  Is  flying.    This  signal 
la  produced  by  Che  earth^s  magnetic  field  and  Is  processed  In 
the  ayatem  to  control  the  position  o£  a  gyro  or  it  Is  applied 
to  an  Indicator*    As  the  aircraft  changes  Its  direction,  the 
transmitter  turns  with  It*    This  causes  a  change  in  the  output 
voltage  of  the  three  pickup  coils  which  produce  the  signal* 


NO  RESPONSE  REQUIRED 


Answers  Co  Frame  20: 


Frame  22 


After  the  cransmltcer  has  been  aligned  Co  magnetic  North  the 
next  step  is  to  determine  its  electrical  characteristics*    Specifically » 
the  value  of  the  voltages  required  to  create  magnetic  fields  within 
the  transmitter  to  cancel  the  earth's  existing  field*    These  voltages 
are  referred  to  as  El  and  E2  voltage*    Both  the  El  and  £2  voltages 
are  determined  from  the  average  of  readings  taken  with  the  transmitter 
initially  set  to  a  specific  direction  and  then  with  the  transmitter 
rotated  180  degrees*    For  example;  El  voltage  is  determined  by  taking 
three  readings  with  the  transmitter  set  at  160^  and  three  readings 
with  the  transmitter  at  0^*    The  average  of  the  six  readings  is  the 

El  voltage*  E2  voltage  is  determined  by  taking  three  readings  with  the 
transmitter  set  at  270^  and  three  readings  with  the  transmitter  at  90^. 
The  average  of  the  six  readings  is  the  £2  voltage. 

The  El  and  E2  voltages  will  then  be  used  later  to  perform  an 
Electrical  Compass  Swing*    (Electrically  rotating  the  magnetic  field 
relative  to  the  transmitter)* 

Check  (/)  the  true  scatements  below. 

 ^a*     El  and  E2  voltages  are  detrmined  by  setting  the  monitor 

at  0*  and  180** 

 b*     E2  voltage  is  determined  by  setting  the  turntable  at 

270*  and  90*. 

c*     An  average  of  the  six  readings  is  used  to  determine  the  El 


volt-age , 


Frame  23 

Hatch  chA  components  and  component  units  In  Column  A  to  their 
function  In  Column  B. 


^1. 
2. 


3. 


4. 


5. 


J5. 
7. 


Column  A 
Monitor 

Monitor  telescope 
Monitor  sensing  unit 
Turntable 

Turntable  azimuth  dial 
Power  supply 
Console 


Column  B 

a.  Contains  controls,  switches^  and 
indicators  necessary  for  per- 
forming swings  and  magnetic 
surveys . 

b. *     Used  with  the  console  to  measure 
the  direction  and  strength  of 
the  earth^s  magnetic  field. 

C'      Provides  component  power  and 
connections  between  calibrator 
components . 

d.  Is  not  pendulously  mounted  and 
senses  the  north^south  direction 
of  the  earth *s  magnetic  field. 

e.  Used  for  sighting  a  target  at 
least  1/2  mile  away. 

f .  Provides  a  mounting  for  the 
aircraft  remote  compass 
transmitter. 

g.  Used  for  aligning  the  aircraft 
on  the  north-south  line. 

h.  Provides  a  reference  for  reading 
the  direction  to  which  the 
remote  compass  transmitter 

Is  pointing. 

Complete- the  following  statements  by  underlining  the  correct 
answers . 

8.      The  monitor  is  used  to  "monitor**  conditions  of  the  earth^s 
niagnetic  field  ....  (remote  compass  transmitter)  during  the  compass  swing. 


9.     The  remotA  compass  transmitter  Is  mounted  on  the  (monitor..  < 
turntable  console)  . 

10.  An  (asimutb  dial. .. .master  sensing  unit)  is  provided  on  the 
turntable  to  align  the  transmitter  to  the  desired  headings. 

11.  Th«  electrical  characteristics  of  each  (console. .master 
sensing  uni  t. ..  .remote  compass  transmitter)  determine  the  El  and  £2 
voltage  requirement  for  the  electrical  swing. 

12.  When  det«rminlng  the  El  and  E2  voltages,  readings  are  taken 
at  (every  15  degrees  heading. .the  cardinal  headings). 


Answers  to  Frame  22: 


a. 


/■  b.  / 
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The  remote  compass  transmitter  output  signals  contain  errors  which  are 
produced  by  the  unit  itself*    These  errors  are  due  to  the  differance  in 
construction  of  the  pickup  coils  and  by  the  magnetic  field  from  one  coil 
affecting  the  output  of  the  other  two  coils »    This  is  known  as  Crosstalk 
Error  and  must  be  compensated  for  to  achieve  a  precise  electrical  swing* 

Place  a  check  (/)  in  front  of  the  true  stacement(s) ♦ 

 a*     Errors  in  the  transmitter  output  are  due  to  construction  of  the 

unit  and  the  magnetic  field  in  each  pickup  coil» 

 bt     Transmitter  errors  are  determined  during  the  mechanical  portion 

of  the  swing t 

 Ct     Compass  transmitter  errors  are  produced  by  the  earth's  magnetic 

field. 

Answers  to  Frame  23 ; 

b    1*       e    2*       d    3>       f    4.       h    5>       c    6>    _a  7, 


earth's  magnetic  field  8.       turntable  azimuth  dial  10. 

remote  compass  transmitter  lit      the  cardinal  headings  12t 


Frame  25 

The  procedures  followed  up  to  this  point  are  performed  to 
determine  the  serviceability  of  the  compass  transmitter.  Equipment 
has  been  set  up  at  its  proper  location;  checks  have  been  made  to 
determine  that  the  outputs  ary  within  a  specific  tolerance.  The 
area  has  been  resurveyed,  the  transmitter  mounted  and  aligned 
to  north.    Transmitter  output  and  amount  of  output  error  have 
been  checked*    If  the  compass  transmitter  is  not  serviceable,  a  new 
transmitter  must  be  obtained*    In  this  case  the  swing  procedure  must 
be  started  over*    If  the  transmitter  is  serviceable,  the  procedure 
will  be  continued* 

Place  a  check  (/)  in  front  of  the  true  statement (s) * 

a*      Up  to  this  point  in  the  swing,  it  should  be  determined 

whether  or  not  the  transmitter  output  is  within  tolerance 
and  the  transmitter  can  be  used* 

 b*     At  this  point,  if  the  transmitter  is  not  serviceable,  the 

swing  will  continue  without  one* 

 ^c*      If  the  transmitter  is  serviceable,  the  swing  procedures 

will  be  continued* 

Answers  to  Frame  24;       /   a*   b.   c* 


1.934 
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Frame  26 

The  remainder  of  the  swing  will  be  performed  with  the  remote 
compass  transmitter  in  the  aircraft*    The  optical  transfer  is 
the  next  step  of  the  compass  swing  procedure*    The  transmitter 
must  be  moved  from  the  turntable  back  to  the  aircraft*    When  the 
transmitter  is  returned^  it  must  be  aligned  to  the  aircraft^s 
longitudinal  axis* 

Place  a  check  (/)  in  front  of  the  true  statements (s) * 

 ^a*     The  process  of  moving  the  monitor  to  the  aircraft  is 

called  Optical  Transfer/ 

b*     When  the  transmitter  is  mounted  on  the  aircraft^  it  must 
be  aligned  with  the  longitudinal  aircraft  axis* 

Answers  to  Frame  25:   {_   a*  b*       /  c* 
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1 


Frame  27 

To  complete  an  optical  transfer  optical  alignment  equipment 
must  be  used.    This  equipment  is  used  when  moving  the  transmitter 
from  the  turntable  to  the  aircraft.    Optical  transfer  equipment 
consists  of  a  telescope  which  is  attached  to  the  transmitter  while 
it  is  in  place  on  the  turntable.    The  figure  below»  and  legend,  shows 
the  placement  of  the  optical  alignment  equipment  with  telescope  and 
necessary  subassemblies  and  shafts.    An  azimuth  adjustment  makes  it 
possible  to  rotate  the  telescope  in  respect  to  the  transmitter. 


1*  Telescope  5.  Support  Plate  Subassembly 

2.  Leg  Alignment  Subassembly  6.  Short  Coupling  Shaft 

3.  Transmitter  Haunting  Studs  7.  Long  Coupling  Shaft 

4.  B-52D  Adapter  Subassembly  8.  Leg  Adjusting  Subassembly 


Place  a  check  (/)  in  front  of  the  true  statement(s). 

^a.       When  transferring  the  transmitter,  optical  alignment 
equipment  must  be  used. 

J>.       Optical  alignment  equipment  consists  of  a  master  transmitter 
and  subassemblies. 


Answers  to  Frame  26;   a.       /  b. 

—  1^ 
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'     Frame  28 

Before  Che  aircraft  is  towed  into  position^  the  optical  transfer 
equipment  must  be  moimted  on  the  remote  compass  transmitter*    This  is 
accomplished  using  the  mountings  and  fixtures  provided  for  the  type  of 
aircraft  being  swung »    Special  mountings  and  fixtures  are  also  provided 
for  the  type  of  transmitter  used  in  that  particular  aircraft*    See  the 
figure  below  and  on  the  opposite  page* 


Stabilizer  -  Mounted 
Standard  Transmitter, 

Stabilizer  -  Mounted 
Thin  Transmitter, 


Place  a  check  (/)  In  front  of  the  true  statement(s) . 

a>      Optical  alignment  equipment  is  mounted  on  the  transmitter 
before  the  aircraft  is  in  place. 

 ^b.     Special  mountings  and  fixtures  are  provided  for  a  particular 

type  of  aircraft  and/or  transmitter. 

Answers  to  Frame  27:      /   a*   b, 

t 
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Frame  29 

With  the  telescope  mounted  on  the  transmitter^  a  target  will  be 
sighte(i  through  the  telescope.    The  target  (any  target)  must  be  at 
least  one^half  mile  away*    It  must  be  in  view  from  both  the  turntable 
location  and  transmitter  location  in  the  aircraft.    The  telescope  will 
be  aligned  with  its  cross  hairs  on  the  target.    When  the  cross  hairs  are 
on  the  target*  the  telescope  will  be  locked  into  place  on  the  transmitter. 
When  the  transmitter  is  replaced  In  the  aircraft >  sighting  back  on  the 
target  will  Insure  that  the  transmitter  Is  aligned  correctly  in  the 
aircraft. 


Place  a  check  (/)  in  front  of  the  true  statement  (s) - 

 a.     The  target  used  as  a  reference  for  aligning  the  transmitter 

In  the  aircraft  must  be  at  least  1/4  of  a  mile  away. 

 b.     The  target  must  be  visual  to  both  the  turntable  location  and 

transmitter  locations. 

 ^c.      Using  the  telescope  and  target  insures  that  the  transmitter 

is  aligned  correctly  in  the  aircraft. 

Answers  to  Frame  28:       /    a.       ^  b. 
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Frame  30 


After  the  reference  target  ifw  transfer)  has  been  sighted,  the 
aircraft  will  be  towed  into  the  swing  area*    When  the  aircraft  is  towed 
into  the  swing  area*  it  is  aligned  on  the  north-south  line*    There  is 
ustially  some  misalignment  between  the  aircraft  and  the  north-^south  line. 
The  amount  of  misalignment  must  be  determined*    The  difference  between 
the  north-south  line  and  the  aircraft*s  longitudinal  axis  must  be  set 
into  the  transfer  equipment.    This  is  done  to  insure  accurate  alignment 
of  the  transmitter  in  the  aircraft. 

Place  a  check         in  front  of  the  true  statement(s). 

 a.      The  aircraft  is  towed  into  the  swing  area  after  alignment 

equipment  is  mounted  and  the  target  is  sighted* 

 b.     Perfect  alignment  on  the  north-south  line  is  seldom  possible. 

c.      Knowing  the  amount  of  misalignment  between  the  aircraft  and 
the  north-south  tine  is  not  necessary  for  aligning  the 
transmitter  in  the  aircraft* 

Answers  to  Frame  29:  a*  b.  c* 


Frame  31 


Opon  completion  of  the  optical  transfer  cf  the  transmitter  from 
the  turntable  to  the  aircraft,  an  electrical  swing  at  the  four  cardinal 
headings  is  performed.    The  transmitter  is  then  indexed  and  the  N-S  and 
E-^W  compensation  adjustment  is  made.    This  procedure  is  called  Index 
and  One-Cycle  Error  Compensation. 

Place  a  check  (/)  in  front  of  the  true  statement (s) . 

a.  Before  the  transmitter  can  be  returned  to  the  aircraft >  the 
amount  of  error  in  the  monitor  signal  must  be  determined. 

b.  Misalignment  between  the  north-south  line  and  t'^e  aircraft 
longitudinal  axis  must  be  compensated  for. 

c.  Optical  transfer  equipment  is  used  to  remove  the  transmitter 
from  the  aircraft. 

 d.      The  monitor  telescope  is  used  during  the  transfer  procedures. 


e^      After  the  optical  alignment  equipment  is  mounted  on  the 
transmitter,  the  aircraft  is  towed  into  position. 

 f.      To  insure  that  the  transmitter  is  aligned  correctly  in  the 

aircraft,  a  target  at  least  1/2  a  mile  away  from  the  swing 
area  must  be  sighted  through  the  alignment  telescope* 

Answers  to  Frame  30:  a.  b.  c. 


32 


1940 


Frame  32 


When  the  N-S  and  E-W  errors  have  been  reduced  to  a  minimum,  further 
compensation  will  depend  upon  the  aircraft  compass  system  compensation 
available.    For  example,  if  the  compass  system  used  a  24  point  compensator, 
the  HDG  SELECTOR  on  the  control  console  can  be  rotated  to  headings  spaced 
15^  apart  and  the  appropriate  potentiometer  adjusted  to  remove  any 
remaining  error* 

Place  a  check  (/)  in  front  of  the  true  statement(s)* 

 a*      After  the  index  and  one-cycle  compensation  is  completed,  no 

further  calibration  can  be  made. 

b*      If  a  24  point  compensator  is  used,  readings  are  taken  at 
every  15  degrees. 

Answers  to  Frame  31:  a.       /  b.  c.  d*       /   e.       /  f. 


33 


Fraioe  33 

When  performing  the  steps  of  the  compass  swing*  various  values 
are  recorded  on  the  swing  data  sheet  (AFTO  Form  53).    These  values 
represent  some  of  the  following: 

1*      Reference  target  bearings 

2,     Monitor  values  at  cardinal  headings* 

3*      Remote  compass  transmitter  outputs. 

4*      Compass  transmitter  errors* 

These  values  are  used  to  perform  calculations  of  formulas  provided 
on  the  swing  data  sheet*    This  provides  the  necessary  data  for  setting 
the  controls  on  the  console*    These  settings  produce  console  outputs 
needed  during  the  remainder  of  the  swing* 

Place  a  check  (/)  in  front  of  the  true  statement(s) • 

 ^*      ^«  AFTO  Form  53  provides  formulas  for  calculations  used  during 

various  parts  of  the  swing. 

 Calculations  provide  data  for  operating  the  console  during 

the  swing* 

 ^c*      Console  outputs  are  not  used  during  the  latter  part  of  the  swing* 

Answers  to  Frame  32:   a.       /  b* 


1942 
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34 


Frame  3 A 


It  was  stated  earlier  in  the  text  that  when  using  the  MC-1  calibrator^ 
the  compass  swing  can  be  performed  without  rotating  the  aircraft.    This  is 
done  by  using  the  information  recorded  on  the  swing  data  sheet  (AFTO  Form  53). 
These  recordings  provide  values  to  be  set  into  the  console.    The  settings 
will  produce  current  outputs  which  are  transmitted  to  the  aircraft's 
compass  system.    During  this  phase  of  the  swing  (the  actual  compass  swing) » 
all  heading  signals  from  the  remote  compass  transmitter  are  produced  by 
outputs  from  the  console. 


NO  RESPONSE  REQUIRED 


Answers  to  Frame  33: 


/  a. 


/   b.  . 


35 


Frame  35 


The  console  outputs  are  precisely  controlled  DC  currents.  The 
currents  are  passed  to  the  remote  compass  transmitter,  figure  A,  and 
through  the  remote  compass  transmitter  compensator,  shoxm  in  figure  B. 
Another  type  of  transmitter  and  compensator  is  shown  in  figure  C.  The 
compensator  in  figure  C  is  not  electrically  connected  to  the  console. 
You  will  adjust  the  N-S,  E-W  screws  when  swinging.    With  the  proper  values 
set  into  the  console,  its  outputs  simulate  the  earth*s  magnetic  field 
at  any  desired  heading. 


ADJUST 


COMPENSATOR 


Compass  Transmitter  and  Compensators* 

Place  a  check  (/)  in  front  of  the  true  statement(s) . 

a*      Console  outputr  are  precisely  controlled  AC  outputs* 

_b.      Console  outputs  are  transmitted  first  to  the  remote  compass 
transmitter  compensator,  and  then  to  the  remote  compass 
transmitter* 

5.      Console  outputs  are  transmitted  directly  to  the  remote 
compass  transmitter. 

d*      Console  outputs  simulate  the  earth's  magnetic  field* 


1914 

36 


Frame  36 


The  console  outputs  make  the  compass  systm  react  as  if  the  aircraft 
was  actually  being  turned.    The  aircraft  remains  on  the  north-south  line 
and  the  earth *3  magnetic  field  is  simulated*    For  example,  with  the  proper 
values  set  into  the  console  to  sijnulate  the  earth's  magnetic  fields  at  a 
90  degree  heading,  the  indicator  should  indicate  90  degrees,  even  though 
the  aircraft  Is  still  pointing  north*    By  simulating  the  earth's  magnetic 
field,  the  compass  system  errors  can  be  determined  and  corrected  without 
moving  the  aircraft* 

Place  a  check  {/)  in  front  of  the  true  statement(s) < 

 a.      Console  outputs  affect  the  compass  as  if  the  aircraft  were 

actually  turning. 

 ^b*     By  simulating  the  earth's  magnetic  field,  the  cor,:jole  n'  tputs 

can  be  corrected* 

Answers  to  Frame  35:   ^a*       /   b*   c,        >^  d. 


37 


Frame  37 

The  console  headings  simulate  the  earth's  magnetic  field  at  the 
4  cardinal  headings  (H,  E,  S,  W).    Compass  indicator  readings  are 
taken  at  each  cardinal  heading.    The  difference  between  the  simulated 
cardinal  headings  and  the  indicatoi^  readings  is  deviation.    The  error 
at  each  heading  is  recorded  o  the  swing  correction  form^  Formulas 
are  provided  on  the  AFTO  Form  53  to  determine  the  amount  of  correction 
to  be  set  into  the  compass  system.    Indicator  errors  are  corrected  at 
the  remote  compass  transmitter  compensator. 

Place  a  checK  (/)  in  front  of  the  true  statement(s). 

a>     The  earth's  magnetic  field  is  simulated  by  the  turntable. 

 ^b.      Variation  is  the  difference  between  the  simulated  heading  and 

the  indicator  reading, 

c.      Corrections  are  made  on  the  remote  compass  transmitter 
compensator. 

Answers  to  Frame  36;       /   a,   ^b. 


0 
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38 


Frame  38 


The  remote  compass  transmitter  compensator  contains  two  adjustment 
screws  shown  in  figures  B  and  C,  Frame  35,  Compass  Transmitter  and 
Compensators,  These  screws  compensate  for  deviation  error.  The  com- 
pensator supplies  DC  currents  to  the  remote  compass  transmitter.  These 
currents  are  controlled  by  the  N-S  and  E-W  screws,  DC  currents  tend  to 
cancel  disturbing  magnetic  fields  which  are  generated  by  the  aircraft's 
equipment  (singXe-cycle  error). 

Place  a  check  (/)  in  front  of  the  true  statement (s) , 

 a.      The  adjustment  screws  on  the  compass  transmitter  compensator 

are  comparable  to  the  adjustment  magnets  on  the  magnetic 
standby  compass, 

 b.      Adjustments  made  at  the  compensator  tend  to  cancel  out  the 

indicator  readings, 

_^c^      Adjustments  inade  on  the  N-S  and  E-W  screws ,  compensate  for 
single-cycle  error. 

Answer^  to  Frame  37;   ^a-   b*       /  c. 


Frame  39 


Some  aircraft  compass  systems  are  provided  with  a  24  point  compensator. 
The  Indicator  readings  are  reduced  to  minimum  with  the  transmitter 
compensator  adjustment  screws.    Additional  corrections  can  be  made  on 
the  24  point  compensators.    The  24  point  compensator  provides  for 
"system  error  compensation.*'    This  Is  error  produced  by  the  compass 
system  itself  (mechanical  errors  In  the  components).    Adjustments  are 
made  at  every  IS  degrees  of  magnetic  heading  (these  are  simulated 
headings  using  the  MC-1)* 

Place  a  check  (/)  in  front*  of  the  true  statement(s)  ♦ 

a*      Mechanical  errors  are  corrected  at  the  H-S  and  E-W  screws 
on  the  compensator* 

 ^b.      Adjustments  on  the  24  point  compensator  are  made  at  every 

15  degree St 

 ^c*      During  the  swing  portion^  the  aircraft  is  rotated  360  degrees. 

Answers  to  Frame  38:        /    a*  b^        /  c^ 


19-?  3 

AO 


Frame  AO 


Upon  completica  of  this  progranuned  text  you  should  have  a  basic 
knowledge  of  why  the  MC-1  compass  calibrator' is  used  in  place  of  the 
sight  compass  method  for  performing  compass  swings*    If  you  did  not 
understand  all  portions  of  this  text>  go  back  and  reread  the  pertinent 
frames*    Uhen  you  are  confident  that  you  understand  the  steps  and 
procedures  in  performing  a  compass  swing,  ask  your  instructor  foi  the 
appraisal  over  the  material  covered  in  this  programmed  text. 

Answers  to  Frame  39:   a.       ^   b.   ^c. 
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FOREWORD 

This  programmed  text  was  developed  for  use  in  Ctiurse  3ABR32530*1, 
Automatic  Flight  Control  Systems  Specialist.    The  material  herein 
was  validated  by  26  students  in  the  subject  course.    At  least  90% 
of 'the  students  achieved  the  objective  as  stated.    Average  time  re- 
quired to  complete  this  text  is  21  minutes* 

OBJECTIV.!S 

Using  illustrations  of  the  compass  calibrator  azimuth  dial^  inter- 
pret the  readings  on  the  vernier  scales  without  error* 

INSTRUCTIONS 

The  information  in  this  program  is  presented  in  small  steps  called 
^*fraaes/^    Each  frame  is  followed  by  some  form  of  questioning*  Immedi-^ 
ately  after  reading  each  frame,  make  the  required  response*    The  correct' 
answer  will  be  found  at  the  beginning  of  the  next  frame*    Check  your 
answer  each  time*    If  you  make  m  Incorrect  response,  read  the  frame 
again*    If  the  response  is  correct^  continue  to  the  next  frame* 


1961 


Frame  1 


Performing  compass  swings  using  Che  MC-1  compass  callbracor  re~ 
quires  reading  vernier  scales  on  che  azimuth  dials.    The  accuracy 
of  this  cype  of  compass  swing  depends  a  greac  deal  on  Che  ability 
of  the  user  to  accurately  read  these  scales*    The  following  frames 
are  designed  to  explain  how  to  read  the  azimuth  dials  In  degrees 
and  minutes*    The  degree  and  minute  readings  are  used  as  magnetic 
headings  and  references  throughout  the  swing  procedure* 


NO  RESPONSE  REQUIRED* 


mi 


Answer  to  Frame  1:    None  required. 
Frame  2 

The  azimuth  scales  are  calibrated  in  degrees  and  minutes. 

The  smallest  division  represents  30  minutes  (30^*    'The  azimuth 
scales  are  equipped  with  verniers  that  read  in  minutes*    Each  division 
on  the  vernier  scale  represents  1  minute. 

Circle  the  letter(s)  of  the  true  statement(s)  below* 

1*     The  asjjiruth  scale  is  graduated  in  increments  of  30  minutes, 

2,      The  smallest  division  on  the  vernier  scale  represents  1 
second* 

3*     The  vernier  scale  is  calibrated  in  minutes  only. 
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Answers  to  Frame 


2:  2.  (T) 


Frame  3 


Refer  to  figure  1  below*    All  headings  on  the  azimuth  scale  are 
referenced  to  the  index  (     )  on  the  vernier  scale.    The  heading  on 

the  azimuth  scale  below  is  exactly  000"*  or  360"*.    The  first  division 
to  the  right  of  000  degrees  is  30  minutes  less  than  360  degrees  and 
of  course  the  first  division  to  the  left  is  30  minutes  more  than  000 
degrees* 


Circle  the  letter(3)^of  the  true  statement(s)  below. 

1*      The  azimuth  scale  is  referenced  to  the  index  on  the  vernier 
scale* 

2*      The  first  division  on  the  azimuth  scale  to  the  right  of 
the  index  indicates  a  reading  less  than  300  degrees* 

3*     The  smallest  increment  on  the  azimuth  scale  represents 
1/2  of  a  degree^ 


'VERNIER  SCALB 
/EflCM  DIVISION^  i  MtNuref 


10 


000  ' 

—AZIMUTH  SCALE 
(EACH  OmStON  -  SOMNUTES^  1/2  DEGREE) 


Figure  1. 
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Answers  to  Frame  3: 
Frame  4 


0        2.  © 


The  importance  of  accurately  reading  the  MC-l  azimuth  scales 
cannot  be  overemphasized.    Probably  the  best  way  to  achieve  a  high 
degree  of  accuracy  Is  to  follow  some  sequence  for  taking  these 
readings*    Refer  to  figure  2  while  following  the  Instructions  below 
in  order  to  establish  this  sequence. 

STEP  1*    Determine  wilcii  NUMBERED  division  on  the  azmimuth  scale 
Id  referenced  closest  to  the  vernier  index. 

STEP  2.    Hext,  add  the  number  of  degrees  on  the  azimuth  scale 
that  appears  to  the  right  of  the  Index  up  to  the  NUMBERED  degree. 

Using  figure  2  as  a  reference^  circle  the  correct  word(s)  In  each 
statement  below. 

1.  There  Is  (less*  more)  than  1  degree  that  appear(s)  to  the 
right  of  the  Index  up  to  the  NUMBERED  degree. 

2.  The  heading  on  the  azimuth  scale  Is  (less*  more)  th&rx  80 
degrees. 


-THE  ONLY  DIVISION  ON'THE  VERNIER  SCALE 
THAT  EXACTLY  ALIGNS  WITH  A  DIVISION  ON 
THE  AZIMUTH  SCALE. 
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Figure  2. 
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Answers  to  Frame  4: 


Frame  5 

Thus  far»  you  know  that  the  heading  is  80  degrees  and  more  than 
30  minutes*    Refer  to  figure  2  again.    Notice  that  the  index  is  half- 
way between  divisions*    This  indicates  an  amount  close  to  IS  minutes 
and  brings  us  to  the  next  step* 

STEP  3*    Focus  your  eyes  on  the  vernier  scale  near  the  IS  min* 
ute  division*    Notice  that  there  is  ojgly  one  division  on  the  vernier 
that  EXACTLY  aligns  with  a  division  on  the  azimuth  scale* 

STEP  4*    Add  this  amount  to  the  80  degrees  and  30  minutes  and 
you  have  the  EXACT  heading  indicated  on  the  azimuth  dials* 

Refer  to  figure  2  and  fill  in  the  blank  space  (s)  in  the  statements 
below  with  the  correct  words  or  numbers  which  complete  the  statements* 

1*      The  only  division  on  the  vernier  scale  that  EXACTLY  ALIGNS 
with  a  division  on  the  azimuth  scale  is  the  min- 
ute division* 

2*     The  EXACT  heading  is:   degrees  and  

minutes* 
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Anawera  to  Frame  5:  1*  twelve  (12),  2.  eighty  (80) ,  forty-two  (42) 
Frame  6 

to  gain  proficiency  in  reading  azimuth  scales  accurately  per* 
form  the  following  four  exerclaaa  and  record  your  reading  in  the 
space  provided  below  each  exercise* 
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Answers  to  Frame  6\ 


EXERCISE  KO  1,  270*  45' 

EXERCISE  KO  2.  60^  3' 

EXERCISE  KO  3.  30*  24' 

EXERCISE  KO  4.  29*  33' 


Frame  7 

The  azimuth  scales  on  the  turntable^  monitor*  and  console  are 
all  read  the  same  way.    the  vernier  scale  can  be  rotated  independently 
of  the  aziMith  scale  or  the  azimuth  and  vernier  can  be  locked  together 
and  rotated  within  the  tripod  as  a  unit. 

KO  RESPOKSE  REQUIRED. 

If  you  missed  any  of  the  exercises  in  Frame  6>  read  the  text  again. 
When  you  are  finished^  asic  the  instructor  for  the  examination. 
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Instrument  Branch 
Chanute  AF6,  Illinois 


3ABR32531-WB-404 
3ABR32632B-WB-502B 
6  August  1974 


USE  OF  THE  MC-1  COMPASS  CALIBRATOR 


OBJECTIVES 

Using  a  trainer,  workbook,  technical  order,  AFTO  Form  S3,  and  a 
MC-1  compass  calibrator  set,  pertorm  a  compass  swing  and  compensation 
adjustment  lAW  the  procedures  in  the  TO*    You  will  be  allowed  no  more 
than  10  instructor  assists  for  performance  and  recording  of  data  in 
each  section  of  the  AFTO  Form  S3* 

To  accomplish  this  objective,  you  will  require  the  following 
equipment  * 

EQUIPMENT 


PROCEDURES 

Perform  each  step  in  the  following  list  of  procedures  in  the 
sequence  listed*    DO  HOT  OMIT  or  perform  any  step  out  of  sequence* 

1*      Caution:    Remove  your  jewelry  and  any  ferrous  material  that 
you  may  have  on  your  person* 

2*      Select  TO  SN3-3-7-1  from  the  technical  order  file;  turn  to 
Section  IV,  paragraph  4^41,  Equipment  Set*Up*    Follow  the  instructions 
to  set  up  the  equipment  for  performing  the  compass  swing* 

3*     Obtain  an  AFTO  Form  53  from  your  Instructor*    Turn  to  page  1 
and  complete  the  data  required  at  the  top  of  the  page:  LOCATION: 
Chanute  AFB,  AIRCItAFT:    F-111,  COMPASS  SYSTEM:    Gyro  Stabalized, 
TRANSMITTER  PABT  NO*  :    (Ho*  of  TX  on  turntable)  ,  SERIAL  NO* :    (Ho*  of 
TX  on  turntable) * 

4*      Determine  initial  magnetic  bearing  of  N-S  line  (refer  to 
TO  5N3-3-7-1,  paragraph  4^-42)* 


This  supersedes  3ABR32531-FT-405B ,  3ABR32632B-PT-405B ,  17  August  1973* 
OPR:  TAS 
DISTRIBUTION:  X 

TAS  -  750;    TTOC  -  3 


Basis  of  Issue 


TO  5H3- 3-7-1 
AFTO  Form  53 


MC-1  Compass  Calibrator  Set 
Trainer,  AFRS 
Adapter  Kit,  MC-1 


1/2  students 
1/2  students 
1/2  students 
1 /student 


1/2  students 


Designed  for  ATC  Course  Use*    Do  Hot  Use  on  the  Job* 
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5»      Magnetic  north  alignoient  or  the  transmitter  (refer  to  TO 
5N3^3-*7-^l»  paragraph 

6*      Detennlne  the  El  and  E2  voltages  for  the  transmitter  (refer 
to  TO  paragraphs  4-45  through  4-50)» 

7*     Determine  the  transmitter  A180  and  A270  crosstalk  values 
(refer  to  TO  5N3-3-7-1,  paragraph  4-51) » 

8»      Optical  transfer  of  the  transmitter  (refer  to  TO  5N3-3-7-1, 
paragraph  4-52) » 

a^     Mount  the  optical  alignment  equipment  on  the  transmitter 
and  sight  the  target  as  per  instructions  in  the  T0» 

b.  Position  the  APRS  trainer  onto  the  N-S  line* 

Note:  We  will  assume  that  the  trainer  is  one-*tenth  the  size 
of  the  aircraft »  therefore  all  measurements  will  be  based  on 
a  10  to  1  ratio* 

9»      Electrical  swing  of  aircraft  remote  compass  transmitter  (one 
cycle  error)*    Refer  to  the  specific  aircraft  TO  for  correct  procedures* 

a*  An  electrical  compass  swing  is  performed  to  determine  the 
error  due  to  magnetic  materials  or  direct  current  fields  in  the  vicinity 
of  the  remote  compass  transmitter* 

b*      Disconnect  the  harness  on  the  remote  compass  compensator* 

c.  Make  the  following  connections: 

(1)  Connect  PI  of  cable  Wl  to  the  remote  compensator* 

(2)  Connect  P2  of  cable  Wl  to  the  turntable  cable  from 
the  console  of  the  MC-1  (P104  of  W102). 

(3)  Connect  Jl  of  cable  Wl  to  P5  of  cable  W4* 

(A)    Connect  J4  of  W4  to  the  aircraft  harness  at  the 
remote  compensator^ 

d*      Disconnect  the  aircraft  harness  from  J3  of  the  ECA* 

e*  Leavfc  the  field  monitor  at  the  field  monitor  location  and 
leave  it  connected  to  the  console. 

f.      Position  all  the  controls  and  switches  to  their  OFF  or 
zero  positions. 

g*      Place  the  El  switch  to  El  ^iORM;  place  the  E2  switch  to 

E2  NORM* 

h*      Place  the  Povrer  Switch  to  ON*    Check  the  voltmeter  and 
freqmeter  for  the  correct  indications  (23*5  VAC  and  400  Hz)* 

i>ni  2 


1.      Rotate  the  MODE  SELECTOR  to  iMON.    Use  the  SYNCHRO  COHTROL 
Icnobs  to  zero  the  null  indicator*    Record  the  synchro  dial  reading  on 
line  F-1  of  the  data  sheets 

j.      Enter  the  MI3AL  control  setting  on  line  F-2  of  the  data 
sheet.    The  MISAL  control  setting  is  determined  by  adding  the  aircraft 
misalignment  (E-5) ,  field  monitor  index  (A-4) ,  and  field  monitor  reading 
(F-1),  and  i^ubtractlng  the  field  monitor  zero  error  reading  . 
Rotate  the  MISAL  control  on  the  console  to  the  calculated  setting. 

Enter  the  180  and  270  correction  values  on  lines  f-'S  and 
F-4  of  the  data  sheet.    Rotate  the  180  and  270  controls  to  the  respec- 
tive settings*    Enter  the  E-1  check  (C-3)  and  E-2  check  (C^4)  values 
in  tUe  spaces  provldea  in  the  electrical  sving  portion  of  the  data 
sheet,    Rotate  the  E*l  CHECK  and  E-2  CHECK  controls  to  their  respective 
settings*  » 

1.      RotaCe  the  HDG  SELECTOR  to  0*    Adjust  the  synchro  dial  to 
90,    Position  the  E-1  -  E-2  CPECK  switch  to  the  E-L  CHECK  and  adjust  the 
E--1  voltage  controls  to  zero  the  null  indicator.    Place  the  E-1  -  E--2 
CHECK  to  the  E-2  position  and  adjust  the  E-2  voltage  controls  to  zero 
the  null  Indicator.    Position  the  E-1  -  E-2  CHECK  switch  to  OFF* 

m*      Rotate  the  MODE  SELECTOR  to  CAL.    Position  the  HDG  SELECTOR 
to  0  and  the  SYNCHRO  DIAL  to  0.    Adjust  the  N-S  compensator  screw  to 
zr\o  the  null  indicator. 

n.      Position  the  HDG  SELECTOR  to  90  and  turn  the  SYNCHRO  DIAL 
to  90.    Adjust  the  E-W  compensation  screw  to  zero  the  NULL  INDICATOR. 

o*      Rotate  the  HDG  SELECTOR  to  headings  of  0,  90>  180,  and 
270  degrees*    At  each  heading*  use  the  SYNCHRO  DIAL  to  zero  the  null 
indicator.    Record  two  errors  for  each  of  the  four  headings  in  the 
ONE-CYCLE  ERROR  table  F-1  of  the  AFTO  Form  53. 

p.      Aver£\ge  the  two  readings  at  each  heading  and  record 
the  average*    Use  the  average  errors  to  compute  the  ONE-CYCLE  error 
of  the  compass  system  as  follows: 

N-S  Error  »       "  ^^^0  E-W  Error  »  ^90  "  ^270 

2  2 

q*      To  correct  for  this  error,  rotate  the  HDG  SEIECTOR  to 
0«    Increase  or  decrease  the  SYNCHRO  DIAL  setting  from  a  heading  of 
0  by  an  amount  equal  to  but  opposite ,  in  algebraic  slgn»  to  the  amount 
of  the  N-S  error.    Adji2:*t  the  N-S  compensator  screw  on  the  remote 
compensator  to  zero  the  null  indicator* 

r.      Rot;5te  the  HT>G  SELECTOR  to  90.    Increase  or  decrease  the 
SYNCHRO  DIAL  settirio  from  a  leading  of  90  by  an  amount  equal  to  but 
opposite  in  algebraic  sign  to  the  amuunt  o£  E-W  error.    Adjust  the  E-k' 
compensator  screw  on  th^  remote  compensator  to  -  ro  the  null  Indicator • 


s.      Perform  a  corrected  electrical  swing  by  rotating  the 
HDG  SELECTOR  to  headings  at  30  degree  Increments.    Begin  with  0»  30» 
60  y  etc.    At  each  heading »  zero  the  null  indicator  using  the  SYNCHRO 
DIAL.    The  difference  between  the  HDG  SELECTOR  and  th^^  SYKCHRO  DIAL 
is  the  error.    Record  the  errors  on  the  data  sheet. 

t.      If  any  errors  recorded  in  the  corrected  electrical 
swing  just  performed  exceeds  30  minutes^  the  swing  is  not  acceptable. 
An  unacceptable  swing  shall  be  corrected  by  repeating  steps  m  through 
r. 

10.     The  following  information  is  limited  to  compensating  the 
swing  adjustments  between  the  APRS  trainer  compass  system  and  the 
remote  compass  transmitter. 

a.      Disconnect  POWER  from  the  CONTROL  CONSOLE.    Place  the 
MODE  SELECTOR  to  COMP. 


b.  Connect  J3  to  the  EGA. 

c.  Remove  cable  W;  from  between  the  remote  compensator  and 
the  aircraft  harness.    Connect  the  aircraft  harness  cable  <W1)  to  the 
remote  compensator. 

d.  Connect  28V  DC  and  115V  AC»  3  phase^  400  Hz  to  the  AFRS 
trainer.    Prepare  the  trainer  for  operation.    Place  the  AC  POWER,  DC 
POWER  and  GYRO  switches  ON.    <Allow  sufficient  time  for  the  system  to 
warm  up.) 

e.  Place  the  power  switch  on  the  CONTROL  CONSOLE  to  ON. 

f.  Rotate  the  HDG  SELECTOR  to  each  13  degree  setting  and 
adjust  che  24  point  compensator  for  the  appropriate  heading.  <Note; 
Watch  the  HSI  while  making  these  adjustments.) 

g.  This  completes  the  training  on  the  MC-1  compass  calibrator. 
Request  further  instructions  from  your  instructor* 
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MC-1/MC-1M  COMPASS  SWING  DATA  SHEET 


AIF^CRAFT  TYPE 


COMf^ASS  SYSTEM 


SWITCH  AHO  CONTROL  SETTINGS 


LOCAT  ION 


TftANSMlTTER  PART  NUMBER 
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SERIAL  NUMBER 
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It  VOLTS  to  CI 
El  VOLTS  to  CI 
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Et,  IltoHOEH. 


(TIMHTAELE  to  0  U«4{»»*) 
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1     4  P«e«« 


SeCTtOM  C  OPTICAt  TXAMSI'IR  OP  THE  TtANIMITTU 


PtUWi  iOS  SiPAIUTlON  •t«n|  Atfcftft  ij^m  4<5}f) 
OUfl«cMi*flt     M««  «l  alfcfflft  ItMi  N*S  tfft*  4*5}|} 
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SfCTtOHP  COMPASS  SMNC 
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SVMCtMO  CONTROL  <MC  «1>  to  NUtL. 
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f<S 


ClMMf*!  SYHCNRO  CONTROL  to  10. 

RLAOOUT  SiLfCT  trfO. 

El,  C3  VOLTS  to      HULL  INOKATOR. 
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DESIGNED  FOR  ATC  COURSE  USE 
DO  NOT  USE  ON  THE  JOB 


1981 


OBJECTIVE 


Without  reference,  select  statements  pertaining  to  the  operation  of 
electronic  test  equipment. 

IMSTRUCTIOMS 

This  programmed  text  presents  information  in  small  steps  called 
"frames."    Each  section  allows  you  to  proceed  stepbystep  through  the 
material.    Each  step  teaches  you  a  small  amount  of  material  and  then 
asks  you  to  respond  to  that  information.    Read  the  information  and 
respond  as  directed.    Confirmation  to  your  responses  are  given  at  the 
bottom  of  the  following  frame.    Do  not  proceed  until  you  have  responded 
correctly.    If  you  need  assistance,  see  your  instructor. 

DO  MOT  HURRY! 


( 


Supersedes  3ABR32531PTA03A,  12  January  1978,  which  may  be  used 
until  existing  stocks  are  depleted. 
OPR:     3360  TCHTG 
DISTRIBUTIOM:  X 

3360  TCHTG/TTGUF-  300;  TTVSA    1  ^  -)^2 


Frame  1 

When  checking  aircraft  system  components »  It  is  necessary  to 
use  various  pieces  of  test  equipment.    Some  test  equipment  is  designed 
to  check  specific  components  or  a  specific  system.    The  APRS  Line 
Analyzer  is  an  example  of  factory  designed  test  equipment  with  a 
specific  purpose.    Other  test  equipment  Is  used  on  a  wide  range  of 
components  or  systems.    The  PSM/6  is  an  example  of  general  test  equip- 
ment.   The  electronic  test  equipment  you  will  use  in  the  lab  and  will 
study  is  general  test  equipment. 

Circle  the  number(s)  of  the  true  statement(s)  below. 

1,  Electronic  test  equipment  is  factory  designed  to  be 
used  with  a  specific  sys^tem. 

2.  Electronic  test  equipment  is  considered  as  general 
test  equipment. 


1 


ini: . 

DC  DIGITAL  VOLTMETER 

Frame  2  ^ 

Page  3  shows  a  piece  of  test  equipment  "^ed  in  the  l^b.  The 
power  requirements  for  the  electronic  test  equipment  In  the  lab  Is  115 
volts  60Hz. 

Circle  the  letter  of  the  correct  answer  below. 

1.      The  power  requirement (s)  for  the  DC  digital  voltmeter  Is 

a.  28V  DC. 

b.  115V,  60Hz.  I 

c.  115V,  400H2. 

d.  115V,  400Hz  and  28V  DC. 

The  correct  answer  to  Frame  1  is:    1  \ 


Framd  3 


The  DC  digital  voltmeter  (shown  on  page  3)  is  actually  a  vacuum 
tube  voltmeter  connected  Lo  a  digital  display*    The  purpose  of  this 
voltmeter  is  to  measure  and  give  a  digital  reading  of  DC  voltage. 
When  checKing  transistorized  components,  the  DC  digital  voltmeter  Is 
used  In  place  of  the  PSM/6  because  the  pSM/6  causes  enough  circuit 
loading  to  make  Its  readings  inaccurate* 

Place  a  checkmark  (O  In  front  of  true  statements  below* 

,1*      The  DC  digital  voltmeter  is  a  vacuum  tube  voltmeter. 

 ^2-      The  DC  digital  voltmeter  If    ^^^d  to  measure  DC  voltage, 

mllllamperes>  and  resistance* 

3  >     The  DC  digital  voltmeter  is  used  when  checking  transistorized 
conponents  because  of  less  circuit  loading* 


Answer  to  Frame  2;  a 


c 


d 


Fratae  h 

There  are  two  modules  on  the  DC  digital  voltnseter,  the 
DIGITIZING  AND  DISPLAY  MODULE  and  the  ACCESSORY  MODULE.  (See 
figure  belowO    We  will  first  cover  the  DIGITIZING  AND  DISPLAY  MODULE. 
This  portion  of  the  voltmeter  contains  a  power  switch,  digital  display, 
and  calibrate  adjustment. 


oic  .  

CAJll*    1     10  too  1000  A^/ro 

OAKA  OIGITAI  VOUMETti 

r  1  1  1  1  IT 

®        0  (ffS® 

1.      In  the  spaces  provided,  write  the  two  names  of  the 
voltmeter  modules » 


2.      Complete  the  statement  below  by  underlining  the  correct 
response. 

The  power  switch,  digital  display,  and  calibrate 
adjustment  are  located  on  the  (digitizing  and  display 
module,  accessory  module). 


The  correct  ant  er  to  Frame  3  is;       ^  1, 


2,         /  3. 


Frame  S 


Use  the  figure  below  to  locate  the  part  of  the  digitizing 
and  display  module  as  they  are  explained* 

POWER  SWITCH  ' 

a*      OFF  "  all  power  is  removed  from  the  voltmeter* 

b.     ON  -  the  voltmeter  is  operating  and  taking  readings. 

HOLD  ^  ^'freezes**  the  last  reading  of  the  voltmeter  until  it 
is  switched  back  to  the  OK  position.    This  allows  the  voltmeter  to 
remain  warmed  up  without  imposing  wear  on  its  switches  and  relays. 

DtfelTAL  DISPLAY  -  provides  a  visual  readout  of  the  voltage  level 
at  the  input. 

CALIBRATE  ADJUSTMENT  -  used  to  calibrate  the  voltmeter  to  10»000 
after  it  has  warmed  up. 


OH 

I  DANA 


'n.720 


CALIft 
10000 


OtGJTAl  VOtTMeiER 


CAtrs    1      10    IQQ   IQQO  AUTO 


ZERO 


GND  INPUT 


O 


Digitizing  and  Display  Module 


Accessory  Module 


Place  a  checkmark  (i/)  in  front  of  the  tme  statements  below. 
_1.      The  HOLD  position  of  the  POWER  switch  freezes  the  reading. 


_2.      The  calibrate  adjusDnent  is  located  on  the  accessory 
module. 

3.      Voltage  readings  are  taken  from  the  digital  display. 


The  correct  answers  to  Frame  4  are: 

1.  Digitizing  and  display  module*  accessory  module. 

2.  Digitizing  and  display  module. 


Frame  6 


When  reading  the  DC  digital  voltinecer  the  entire  reading  is 
shown  in  one  picture  on  the  face  of  the  meter  as  shown  in  the  figure 
below*    A  decimal  point  is  incorporated  in  the  digital  display* 
Positive  or  negative  voltage  is  indicated  by  a  polarity  sign  (+)  (*) 
which  precedes  the  digital  display* 


CALIB     1       10     100    1000  AUTO 

10000 

1  DANA    DIGITAL  VOLTMf:TEft 

1    1  II 

GND  INPUT 

®  o 

Digitizing  and  Display  Module  Accessory  Module 


Circle  Che  letterCs)  of  the  correct  answerCs)  below. 

The  reading  shown  on  the  DC  digital  voltmeter  in  figure  4  is 

a.  +1.1720. 

b.  -11720. 

c.  -1.1720. 

d.  +11.720. 

The  correct  answers  to  Frame  5  are:       ^    1.   1.         ^  3. 


9 
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trame  7 

Use  the  figure  below  to  locate  the  accessory  module  controls  as 
they  are  explained. 

CALIBRATE  fCALIB)  SWITCH:    This  switch  is  the  first  one  on  the 
left  end  of  the  sl:i:  pushbutton  switches.    When  depressed,  It  causes 
a  test  reading  (10000)  to  appear  on  the  display  readout.    This  reading 
remains  on  the  display  as  long  as  the  switch  Is  depressed. 


ZERO  ADJUSTHEHT:    To  zero  the  voltmeter,  short  the  two  INPUT  leads 
together  (located  on  the  bottom  rit^ht  of  the  DC  voltmeter),  and  select 
AUTO  range.    Adjust  the  ZERO  potentiometer  for  a  readout  display  of 
00000. 


ON  —  , 

W  10000 


OANAoiOiTU  votTMcm 


cmt  \   \%  too  low  wo 

1      ^     1^  |>vvfirvi'^"rV| 


@ 


Match  the  controls  in  column  A  to  its  function  or  purpose  In 
column  B  by  placing  the  appropriate  letter  from  column  B  in  the 
space  provided  In  front  of  each  control. 


COLUMK  A 
J..     Calibrate  Switch 
_2.     Zero  Adjustment 


a. 


COLUMN  B 

Is  Interlocked  until  another  switch 
is  depressed. 


b.  Provides  a  test  reading  of  10000. 

c.  Is  depressed  to  select  a  desired 
range. 

d.  Used  to  adjust  the  readout  display 
to  00000. 


The  correct  answer  to  Frame  6  is: 
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Frame  9 

Use  the  figure  below  to  locate  the  accessory  module  controls 
as  they  are  explained. 

RANGE  CONTROL  -  The  range  control  consists  of  the  reiDalning 
five  pushbutton  switches  on  the  accessory  module.    These  switches 
are  located  to  the  right  of  the  calibrate  (CALIB)  switch  and  are 
labeled  1,  10,  100,  1000  and  AUTO.    Because  these  switches  are 
interlocking,  when  one  switch  is  depressed  the  previously  used 
switch  returns  to  the  open  position. 

MANUAL  RANGES  -  Ranges  are  selected  by  depressing  the  switch 
for  the  ringe  desired  (1,  10,  100,  1000). 

AUTO  RANGE  -  This  switch  allows  the  voltmeter  to  automatically 
select  the  range  that  provides  the  highest  accuracy  for  the  voltage 
being  measured. 


Oft 
OFF  IMXG 
O 


CAt0 

O 
10000 


 i    10    \00  JOOQlAMTO 

I  I  I  I 


O  O  O  O 


Match  the  controls  in  column  A  to  its  purpose  or  function  in 
column  B  by  placing  the  appropriate  letter  from  column  B  in  the 
space  provided  in  front  of  each  control. 


1. 


2. 
3. 


COLUMN  A 
Range  Switches 
Manual  Ranges 
Auto  Hange 


COLUMN  B 

a.  Used  to  calibrate  the  voltmeter 
to  10000. 

b.  Labeled  1,  10,  100 »  1000,  and  AUTO 

G.      Provides  automaf:ic  ranging^ 

d.      Selected  by  depressing  a  switch 
for  the  range  desired. 


Answers  to  Frame  7: 


b  1. 


d  2. 
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Frame  9 

Circle  the  letter  of  the  correct  answer(s)  below. 

1.      The  purpose  of  the  DC  digital  voltmeter  Is  to 

a.      measure  and  give  a  digital  reading  of  DC  voltages 

measure  current  flow  In  transistorized  components 

c.      provide  a  digital  reading  of  AC  voltage  in 
transistorized  circuitry. 


d. 


replace  the  PSM/6  during  voltage  and  resistance 
checks . 


Circle  the  letter  of  the  readings  that  are  correct  for  the 
display. 


2. 


3. 


4. 


a.  -f7.6V  DC. 

b.  '7.6V  DC. 

c.  +760  millivolts  DC. 

d.  -760  millivolts  DC. 


a. 
b. 
c. 
d. 


5. 


-O.IV  DC. 
-O.OIV  DC. 
+O.001V  DC. 
-O.OOIV  DC. 


10.1011    I  00.008 


a. 
b. 
c. 

d. 


+10V  DC. 
+10.101V  DC. 
+1010. IV  DC. 
-lO.lOlV  DC. 


a.  -0.008  millivolts  DC. 

b.  -8  millivolts  DC. 

c.  -80  microvolts  DC. 

d.  +8  microvolts  DC. 
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Frame  9  (ContM) 

Match  the  controls  in  column  B  to  their  purpose  or  function  In 
column  A  by  placing  the  appropriate  letter  in  the  space  provided  in 
front  of  each  purpose* 


6. 


7. 


8. 


COLUMN  A 

Selected  by  depressing  the  a* 
switch  for  the  range  desired* 

b* 

Labeled  1,  10,  100,  1000 
and  AUTO* 


Provides  a  test  reading 
of  10000* 


^9*      Provides  automatic  ranging. 


_10.      Used  with  AUTO  range  to 
adjust  the  display  to 
00000 . 


c* 
d* 

e, 
f* 


COLUMN  B 

AUTO  Range* 

Range  Switches* 

Manual  Ranges. 

Calibrate  (CALIB) 
Switch, 

ZERO  Adjustment. 
Calibrate  Adjustment* 


The  answers  to  Frame  8  are:       b  1, 


d  2, 


c  3* 


Note;    The  answers  to  Frame  9  will  be  verified  by  the  instructor* 
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PHASE  ANGLE  VOLTMETER 


Frame  10 

The  phase  angle  voltmeter  shown  on  page  13  is  a  dual  purpose 
instrument;  (1)  It  functions  as  a  standard  vacuum  tube  voltmeter  for 
measuring  AC  voltage^  and  (2)  It  me^gures  the  phase  angle  between  two 
input  test  voltages.    The  phase  angle  voltmeter  requires  a  15-minute 
warnnipt  because  it  uses  vacuum  tubes  In  Its  operation. 

Circle  the  letter  of  the  correct  answer  below. 

1.     The  two  purposes  of  the  phase  angle  voltmeter  are 
measuring 


a. 

frequency  and  time. 

b. 

AC  current  and  DC  voltage. 

c. 

the  phase  angle  between  two 

input  voltages  and 

AC  voltage. 

d. 

the  phase  angle  between  two 

Input  voltages  and 

DC  voltages. 
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Frame  11 


The  Function  Selector  Switch  located  on  the  fat>  left  side  of 
the  voltmeter  provides  a  means  for  selecting  whether  the  instrument 
will  function  as  a  standard  vacuum  tube  voltmeter  or  a  phase  angle 
voltmeter.    (See  figure  below«)    IVo  positions  are  provided  on  the 
function  selector  switch  for  standard  voltmeter  (STD  VTVM)  operations; 
(1)  TOTAL,  (2)  FOND*    There  are  four  positions  provided  for  phase  angle 
voltmeter  (VTVM)  operations,  (1)  0*,  (2)  90^,  (3)  180^,  (4)  270^. 


Circle  the  lecter  of  the  correct  answer  below. 

1*     The  FUNCTION  selector  switch  is  placed  in  the  TOTAL 
position  to  measure 

a«  voltage* 

b .  current  * 

c«  resistance* 

d«  phase  angle* 


The  answer  to  Frame  10  is; 
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Frame  12 


Located  to  the  right  of  the  FU*JCTION  selector  switch  Is  a 
DEGREES  dial.    This  dial  Is  calibrated  in  one  degree  increments* 
It  is  used  in  conjunction  with  the  FUNCTION  selector  switch  for 
measuring  phase  angles*    (See  figure  below*) 


^^^^ 

m 


Fill  in  the  blank  spaces  in  the  following  statement* 
The  DEGREES  dial  is  used  in  conjunction  xd,th  the   


for  measuring  phase  angles. 


The  answer  to  Frame  11  is: 
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Fraiiifi  13 

A  reference  adjust  (REP  ADJ  knob  is  located  to  the  lower  right 
of  the  degrees  dial*    This  knob  is  used  to  adjust  the  meter  pointer 
to  a  red  line  at  half  scale  prior  to  making  phase  angle  measurements* 
To  the  left  of  the  REF  ADJ  knob  are  the  input  connectors  (EXT  REP) 
for  a  reference  voltage.    (See  figure  below.)  , 


Pill  in  the  blank  spaces  In  the  following  statements. 

1.  The  reference  adjust  (REF  ADJ)  knob  is  used^ prior  to 
making  measurements. 

2.  The  REP  ADJ  knob  is  used  to  adjust  the  meter  pointer 
to  the  at  half  sca^e. 

3.  The  EXT  REF  input  connectors  are  for  a  ^ 

voltage  * 

The  answer  to  Frame  12  is:    FUNCTION  selector  switch 
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Frame  14 


The  l^p  marked  ^'OVERT.OAD'*  warns  of  Impending  amplifier  overload. 
The  lamp  lights  whenever  thg  signal  exceeds  a  prescribed  level.  The 
PHASE  ANGLE  VOLTMETER  in  tSc  center  has  two  scales »  0  to  3  and  0  to  10. 
The  lower  scale  (0  to  3)  is  used  whenever  the  range  Is  a  multiple  of  3. 
The  uppej  scale  (0  to  10)  is  used  when  the  range  Is  a  multiple  of  10. 
This  will  be  covered  In  more  detail  In  later  frames.    Notice  the 
location  of  these  two  parts  iri  the  figure  below. 


Circle  the  letter  of  the  correct  answer. 

The  graduations  of  the  scales -on  the  meter  are 

a.  0  -  5  and  0  -  10. 

b.  0  -  3  and  0  -  30. 

c.  0  -  7,5  and  0  -  10. 

d.  0      3  and  0  -  10. 

The  ansv^ers  to  Frame  13  are: 

1.    Ehase  angle        2.    red  line        3,  reference 


3<5 


i 


Frame  1.' 

Tn  th«  rlKht  of  the  voltmeter  ±s  the  POWER  lamp.    The  ON-OFF 
«.lt  J  ir?hrfol?%il?cr   m>en  power  is  applied  to  the  phase  angle 
Zi\^.lr         pS^S  W  will  lisht.    The  SIGNAL  input  to  the  right 
of  th.    ower  OK-OFF  switch  is  used  to  make  connections  for  voltage 
readings,  ^^e  input  used  for  standard  VTVM  measurements. 

(See  figure  below.) 
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Circle  the  letter  of  the  correct  answer  below. 

1,      Standard  VTVM  measurements  are  made  with  the  leads 
connected  to  the 

a.      EXT  REF  input, 

SIGNAL  in  ut, 

c.  signal  input .  ' 


d*      riASE  ANGLE  inputs 
The  answer  to  Frame  14 


is: 


2J0i 
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Frame  16 


The  REFERENCE  selector  selects  external  (EXT)  or  LINE  reference 
voltages*    This  is  used  as  a  reference  for  making  phase  angle  measute^ 
ments*    When  using  external  references,  connect  the  leads  to  the  EXT 
REF  input.    The  ADJ  position  and  the  REF  ADJ  knob  are  used  to  set  the 
meter  at  the  red  line  at  half  scale*    (See  figure  below.) 


In  the  spaces  provided  write  the  three  positions  of  the 
reference  selector  knob. 

1*    < 

1.   

3*   

The  answer  to  Frame  15  is: 
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Frame  17 

The  RANGE  sel-^ctor  selects  full  scale  value  of  the  meter*  It 
vojks  In  Che  same  manner  as  Che  range  seleccor  on  Che  FSH/6*  The 
RANGE  selector  should  be  set  at  a  value  that  is  known  to  be  greater 
than  Che  voltage  being  measured,  then  reduced  after  voltage  Is 
applied*    (See  figure  below*) 


ftANG€ 


^10 


REFERENCE 


-30  ADi  uNE 
100 


Cross  out  the  incorrect  word* 

1*     The  RANGE  selector  should  be  set  to  a  value  that  is  known 
to  be  (greater,  less)  than  the  voltage  to  be  measured* 

2*      The  RANGE  selector  can  be  reduced  (before,  after)  voltage 
is  applied* 


The  answers  to  Frame  16  are:    1*    EXT       2*    ABJ       3*  LINE 


2  :';^3 
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If/q 

Frame  18 


Match  the  controls  on  the  left  to  their  function  on  the  right  by 
placing  the  letter  corresponding  to  the  function  In  the  blank 
preceding  the  control. 


CONTROLS 


1- 


2, 


3, 


J*. 
5, 


FUNCTION  Selector 
Switch 

DEGREES  Dial 

Reference  Adjust 

Reference  Selector 

RANGE  Selector 


FUNCTIONS 

a*      Selects  external  or  line 
reference  voltage* 

b.      Used  In  conjunction  with  the 
function  selector  swtlch  to 
measure  phase  angles* 

c*      Used  to  adjust  the  meter  to 
the  red  line  at  half  scale. 

d*      Selects  full  scale  value  of 
the  meter. 


e*      Selects  phase  angle  or  VTVM 
functions, 

f.      Lights  when  the  XoB-d  exceeds 
a  prescribed  level* 


The  answers  to  Frame  17  are;    1,    greater       2*  after 
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i.l/.l. , 

^'rame  19 

To  measure  AC  voltages  accur^ately  with  minimum  circuit  loading, 
follow  the  instructions  in  the  following  table* 


Step  1 

Connect  the  input  leads  to  the  SIGNAL  input 
terminals. 

Step  2 

Set  the  RAlfG£  selector  to  its  maximum  reading. 

oec  i.ne  rexerence  s  exec  cop  co  t^n^  uj^nE*  pos  xcion « 

Step  4 

Set  the  FUNCTION  selector  to  either  TOTAL  or  HJND 
position. 

Step  5 

Reduce  the  RANGE  selector  until  the  switch  is  at 
the  lowest  setting  that  will  not  cause  the  meter 
to  peg. 

Circle  the  letter  of  the  correct  answer. 
1.      If  the  meter  pegs  the  problem  is 

a.  the  function  selector  is  in  the  wr^^  position. 

b.  the  input  leads  are  crossed. 

c.  the  range  selector  is  set  too  high. 
Che  rang<*  selector  is  set  too  low* 

The  answers  to  Frame  18  are; 

e    1 .       b    2 .       c    3  •       a    4  •       d    5 . 
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/  mil 

Frame  20 

When  Che  RANGE  selector  Is  at  Its  proper  setting  read  the  meter 
In  reference  to  full  scale  value.    (See  figure  below.)    The  reading 
shown  In  the  figure  Is  6  volts*    Full  scale  value  Is  10  volts.  As 
previously  stated,  the  full  scale  value  Is  determined  by  the  position 
of  the  RANGE  selector  switch.    If  the  RANGE  selector  Is  In  a  position 
that  is  a  omltiple  of  3,  use  the  lower  scale.    For  voltmeter  readings 
the  needle  will  always  be  deflected  to  the  right. 


Circle  the  letter  of  the  correct  answer. 

1.      If  the  RANGE  switch  in  figure  15  was  in  the  1.0  position 
and  the  meter  Indicated  as  shown,  the  reading  would  be 

a.  .06  volts . 

b .  .6  volts . 

c.  6  volts. 

d.  60  volts. 


The  answer  to  Frame  19  is: 
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Frame  21 

To  measure  the  phase  angle  between  two  signals  follow  the 
steps  In  the  following  table • 


1. 

A  voltmeter  reading  should  be  taken  and  the  RANGE 
selector  set  for  aaxlmim  safe  pointer  deflection* 

Connect  the  reference  signal  to  the  EXT  REF  input 
terminals  * 

3. 

Set  the  reference  selector  to  the  ADJ  position* 

4. 

Use  the  REF  ADJ  knob  to  center  the  pointer  on  the  red 
line  at  half  scale  right* 

5. 

Return  the  reference  selector  to  the  EXT  position* 

6. 

Set  the  FUNCTION  selector  to  a  0  degree  phase  angle* 

7. 

Rotate  the  DEGREES  dial  until  the  meter  pointer  Is  at 
zero* 

S*  Read  the  amount  of  phase  angle  by  adding  the  position 
of  the  FUHCTXOH  selector  to  the  reading  of  the  DEGREES 
dial.    This  is  the  phase  angle  between  the  signal  and 
the  reference  wltages* 


Fill  In  the  blanks  In  the  following  statement* 
1*     The  amount  of  phase  angle  Is  read  by  adding  the  position 

of  the  selector  to  the  reading  on  the 

dial. 


The  answer  to  Frame  20  Is 


:  0 


2  )[yr 
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Frame  22 


Circle  the  letter  of  the  correct  answer, 

1,      The  purpose  of  the  phase  angle  voltmeter  is  to  measure 

a,      frequency  and  time, 

AC  current  and  DC  voltage* 

c,      the  phase  angle  between  two  input  voltages  and 
DC  voltage. 

d*      the  phase  angle  between  two  input  voltages  an/ 
AC  voltage. 

Match  the  controla  on  the  left  to  their  function  on  the  right 
by  placing  the  letter  corresponding  to  the  function  In  the  blank 
preceding  the  control* 


CONTROLS 

FUNCTION  Selector 
Switch 

Reference  Adjust  Kiob 
Reference  Selector 
RANGE  Selector 
DEGREES  Dial 


FUNCTIONS 

Selects  external  or  line 
reference  voltage. 

Used  In  conjunction  with 
the  function  selector 
switch  to  measure  phase 
angles  * 

Selects  phase  angle  or 
VTVM  functions. 

Selects  full  scale  value 
of  the  meter* 

Lights  when  the  load  ex- 
ceeds a  prescribed  level* 

Used  to  adjust  the  meter 
to  the  red  line  at  half 
scale* 


The  answers  to  Frame  21  are:    1.    function,  degrees 


27 


2  );)8 


Frame  22  (Cont'd) 

Encer  the  readings  of  che  voltage  or  phase  angles  in  the 
spaces  provided. 


POWER 


MODEL 


RANGE 


.03- 
.01^ 


-10 
^30 


.003        I      \  '00 
.001  300 

ON  SIGNAL 


202BR 


PHASE  ANGLE  VOLTMETER 


2. 


Note:    Answers  to  Frame  22  will  be  verified  by  che  inscmctor 
when  you  have  completed  Frame  23. 
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Frame  23 


Circle  the  letter  that  identifies  the  correct  answer* 

1*     The  purpose  of  the  DC  digital  voltmeter  is  to 

a*      replace  the  PSM/6* 

measure  and  give  a  digital  reading  ot  the  DC  voltage 
applied* 

c*      measure  and  give  a  digital  reading  of  the  AC  voltage 
applied* 

d*     measure  and  give  a  digital  readout  of  the  DC  current 
applied* 

Match  the  CONTROL  with  its  FUNCTIOW  by  placing  the  letter  of 
the  FUNCTION  in  the  blank  to  the  left  of  the  corresponding  CONTROL* 


^4. 
^5* 
6* 


CONTROL 
AUTO  Range 
Calibrate  Switch 
Manual  Ranges 
POWER  Switch 
ZERO  Adjustment 


FUNCTION 

Labeled  1,  10»  100»  1000  and 
AUTO* 

Provides  automatic  ranging* 

Selected  by  depressing  the 
switch  for  the  range  desired* 

Provides  a  test  reading  of 
10000 , 

"Freezes"  the  last  reading  of 
the  meter  until  switched  back 
to  the  ON  position* 

Used  with  the  AUTO  range  to 
adjust  the  display  to  00000* 


Enter  the  readings  displayed  to  the  right  of  the  drawings, 
7*         +  001*00  :    DC. 


8* 


-  090*00 


J 


DC- 


Note:    The  answers  to  Frames  22  and  23  are  located  at  the 
bottom  of  the  next  page*    If  you  have  missed  any  questions > 
recuni  to  the  appropriat.e  frame  to  insure  a  complete  knowledge 
of  the  material* 
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Hill      IIIJ^    J  J 


m. 

Section  IX 
ELECTRONIC  CX)UNTER 

Frame  2A 

The  Electronic  Counter  (see  figure  on  the  following  page)  is 
actually  an  electronic  stop  watch.    The  purpose  of  the  counter  is  to 
measure  frequency,  period  and  time  interval.    An  input  voltage  Is  used 
to  turn  the  timing  circuits  on  and  off.    By  measuring  the  time  between 
turning  them  on  and  turning  them  off,  accurate  readings  of  the  elapsed 
time  can  be  taken.    This  method  allows  the  counter  to  accurately 
measure  time  as  small  as  microsecoBds  (one  millionth  of  a  second). 

Fill  in  the  blanks. 

1.      The  purpose  of  the  Electronic  Counter  is  to  measure 
 ,   >  and 


2.     The  Input  voltage  is  used  to  turn  the 
 ON  and  OFF. 


Answers  to  Frame  22; 

1-      a.     b.      c.  1.    c       2.    f       3.    a       4.    d  S._b_ 

1.      135*         2.    O.OIV  AC 


Answers  to  Frame  23: 
1. 

2.    b       3.    d       A.    c       5.    e       6.  f 


L.      a.  c.  d. 


7.    IV  DC         8.    '90V  DC 

2  'II 
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Frame  25 

The  frequencies  inside  the  counter  must  be  very  accurate  so 
precise  readings  may  be  taken*    The  frequencies  are  kept  stable  by 
using  a  crystal  mounted  in  an  oven  as  a  frequency  standard*  The 
oven  keeps  the  temperature  stable  and  this  helps  the  crystal  keep 
the  frequency  stable*    The  counter  requires  a  warmup  period  of  30 
minutes*    It  Is  necessary  only  to  plug  the  counter  in  for  the  warmup 
period — It  doesii'c  need  to  be  turned  on* 

Circle  the  letter  of  the  correct  answer* 

1*      The  counter  should  be  given  a  wannup  period  of 

a*      5  minutes* 

b*      10  minutes* 

c*      30  minutes* 

d*      60  minutes* 


The  answer  to  Frame  24  is;  1*  frequency,  period  and  time  interval* 
2*    tijnlns^  circuits* 


2>14 


Frame  26 

The  Power  ON  -  OFF  Switch  is  located  on  the  extreme  lower  left 
of  the  counter.     (See  figure  below.)    The  power  ON  -  OFF  switch  supplies 
power  directly  to  all  circuits  except  the  crystal  oven,  which  Is 
connected  directly  to  the  power  cord.    Anytime  power  is  applied  to  the 
power  cord  the  crystal  oven  Is  operating.    It  is  necessary  only  to  plug 
the  counter  in  for  the  30-minute  warmup  period.    The  power  switch  may 
remain  OFF  and  save  wear  on  the  switches*  tdbnlng  circuits  and  other 
parts  inside  the  counter. 


Cross  out  the  incorrect  words  in  the  (  ). 

1.  The  crystal  oven  (does,  doesn't)  receive  power  through  the 
power  ON  -  OFF  switch. 

2,  During  the  wanmip  period  the  power  switch  (is.  Isn't) 
required  to  be  ON. 


The  answer  to  Frame  25  is:  1.^ 
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Frame  27 


The  Storage  Switch  is  a  two-posltlon  switch  located  to  the  right 
of  the  power  switch,    Iti  the  ON  position  it  is  used  to  "store"  the 
count,  then  display  It  when  the  counting  is  completed.    The  display 
remains  blank  while  the  count  is  stored.    In  the  OFf  position  the 
display  follows  the  counting  from  start  to  stop,    (See  figure  below 
and  note  location,) 


Fill  in  the  blanks, 

1,  The  storage  switch  has   positions, 

2,  If  the  storage  switch  Is  ON*  the  count  Is  stored  until  the 
counting  is   . 

3,  In  the  OFF  position  the  display    the 

counting  from  start  to  stop. 

The  answer  to  Frame  26  is ;    1,    doesn't     2,  isn't 
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Fraiae  28 

The  Display  Time  Control  is  a  potentiomecer  and  switch  combination* 
It  provides  a  means  for  setting  the  time  the  count  Is  displayed  before 
it  is  automatically  reset  to  zero.    The  time  may  be  varied  from  0.1 
second  to  10  seconds.    In  the  extreme  clockwise  position,  there  Is 
a  switch  contact  that  Is  used  for  an  infinite  display  time  setting* 
In  this  position  the  display  remains  until  the  reset  button  to  the 
right  is  pressed.    The  reset  button  Is  the  provision  for  manually 
resetting  the  counter  to  zero*    (See  figure  below  to  locate  the 
display  time  control  and  reset  button.) 


Place  a  (/)  in  front  of  the  true  statements  below* 

 ^1.      The  reset  button  provides  a  means  of  manually  resetting 

the  counter  to  zero  position. 

 2,     A  switch  contact  in  the  display  time  control  potentiometer 

provides  for  an  Infinite  setting  of  the  count  display* 

 ^3*     The  display  time  control  provides  a  means  of  setting 

the  time  the  count  Is  displayed. 

The  answer  to  Frame  27  is:    1.    two;    2.    completed;    3*  follows. 
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Frame  29 


The  Mode  Switch  (see  figure  below)  is  a  seven-position  rotary 
switch  located  to  the  right  of  the  Display  controls*    It  Is  used  to 
determine  the  function  or  mode  of  the  electronic  counter.  Going 
clockwise  from  the  extreme  counterclockwise  position,  the  modes  and 
tlieir  functions  are  as  follows: 

(1-2)  Count  A  ON  -  Count  A  OFF;    Count  A  ON  continuously  counts  inputs 
until  switch  is  moved  to  Count  A  OFF*    Count  A  OFF  stops  the  input  and 
the  count  remains  fixed.    In  the  Count  A  modes»  the  count  is  cumulative 
and  must  be  manually  reset  to  zero,' 

(3)  Per  A  X  N:    Used  for  multiple  measurement  pericds.    Multiplier  (N) 
switch  is  used  to  select  the  number  of  periods  averaged, 

(4)  Per  A  X  1:    Measures  single  period  inputs  to  channel  A,     (The  time 
the  signal  starts  until  it  stops  is  one  period,) 

(5)  Freq  A:    Performs  frequency  measurements  of  input  A, 

(6)  Tim  A  -  B;    Times  interval  measurements  between  starts  on 
channel  A  and  stops  on  channel  B, 

A 

(7)  Ratio  X  X  N;    Provides  ratio  measurements  of  channel  A  to  channel  B, 


Fill  in  the  blanks* 

1,      The  mode  or  function  of  the  counter  is  determined  by  the 


The  answer  to  Frame  28  is;"   {/)  1,      (/)    2,      (/)  3, 


I  t9* 
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Frame  30 

i 

The  TIME,  (us) /MULT  (H)  switch  Is  an  eight-position  rotary  switch. 
It  provides  the  time  base  or  multiplier  function  for  the  Mode  Switch* 
It  denotes  the  time  In  Ms,  frequency  in  megahertz,  and  ratio  in  numbers 
using  powers  of  ten*    The  unit  of  measure  used  for  the  display  appears 
on  the  right  end  of  the  digital  display*    It  Is  Important  to  remember 
the  unit  of  measure  to  accurately  read  the  digital  display*  (The 
location  of  the  Time  (ms)/MOLT(U)  switch  is  shown  in  figure  below*) 


Jlace  a  (/)  In  front  of  the  true  statements  below* 

 1*      The  TIME  (hs)/MULT(N)  switch  uses  powers  of  ten* 

2*     The  unit  of  measure  used  for  the  display  appears  on 
the  right  en^'l  o£  the  digital  display, 

 ^3,      The  TIME  (ms)/MULT(N)  switch  provides  the  time  base 

or  multiplier  function  for  the  mode  switch* 

The  answer  to  Frame  29  is:    1*    mode  switch 
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Frame  31 


The  A  IHPUT  and     INPUT  controls  function  identically  and  contain 
2  switches.    The  difference  is  in  the  channel  they  control.  (Channel 
"A"  or  channel  "B".)    The  table  below  lists  the  controls  and  their 
function. 


1. 

The  Input  Connectors  are  used  to  connect  the  external 
signal  to  the  appropriate  channel  on  the  counter. 

2. 

The  AC/DC  Toggle  Switch  selects  input  coupling.    Use  AC 
for  AC  signals  and  DC  for  DC  signals. 

3. 

The  +  ^  Slope  Toggle  Switch  selects  input  slope  polarity. 

4. 

The  Test /Attenuator  Switch  provides  for  self  test  function, 
and  input  attenuation  of  XI,  XIO,  or  XIOO.    (This  is  the 
outer  switch.) 

5. 

The  Trigger  Level  Control  selects  +  or  -  trigger  point 
on  the  input  amplifier;  it  can  vary  from  *1  to  +1.  (This 
is  the  inner  sw.) 

Refer  to  figure  below  for  location  of  the  input  controls. 


Fill  in  the  blanks* 

1,  The  are  used  to  connect  the 

external  signal  to  the  appropriate  channel  on  the  counter. 

2,  The  selects  input  coupling. 

3,  The    toggle  switch  selects  input  slope 

polarity , 

2  '20 
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Frame  32 


i^^i-  i-o  their  function  on  the  righ* 

the  control. 


1. 


J. 

J- 
4. 


5. 


Power  Switch 
Storage  Switch 
Display  Time  Control 
Reset  Switch 
Made  Switch 


a       Provides  time  base  or  multiplier 
function  for  the  mode  switch 


_6.      Tiiiie(ns)MULT(M)  Switch 


b.  Provides  manual  reset 

c.  Programs  counter  to  a  mode 
of  operation 

d.  Provides  display  storage 

e.  Provides  power  to  all  circuits 
except  crystal  oven 

f       Provides  variable  display  time 
from  0  to  10  seconds  and  an 
infinite  setting 

g.     Selects  Input  slope  polarity 
..e  ans„e.  .0  r...e  31  is:    1.    iSE-  2.  ^^23^ 


m 


Frame  33 

When  reading  the  counter,  the  entire  reading  Is  shoxm  In  pictorial 
display.    A  declmai  point  is  incorporated  in  the  display*    The  unit  of 
measure  for  the  display  Is  given  at  the  right  end  of  the  display*  For 
time  measurements,  the  unit  of  measure  is  one  of  the  following:  us 
(microseconds),  ms  (milliseconds)  or,  s  (seconds).    For  frequency 
measurements,  the  unit  of  measure  is  one  of  the  following;  HEz 
(megahertz),  or  kHz  (kilohertz) *    For  ratio  measurements  there  is  no 
designation  as  it  is  a  number  (ratio)  only* 

Identify  the  symbols  by  writing  the  unit  of  measure  that  corresponds 
in  the  blank  to  the  right* 

1*     us    4*  MHz  


2.      ms      5*  kHz 


3.  s 


The  answer  to  Frame  32  is:    e    1;      d    2;      f    3;     b    4;    _c_  5;    _a_  6* 


2  '23 
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Frame  34 

Look  at  the  readings  shown  and  written  below  the  drawings, 

© 


0001.20  s 


0010.00  ms 


0005.60  MHz 


7^     1.2  seconds     (b)  10  mlUiseconds  Q     5.6  Megahertz 

© 


© 


003,10  us 


J  © 


OOOAOO  kHz 


00050,0  MHz 


(T)  3,1  inicroseconds(T)     400  kllohertz  (7)     50  Megahertz 
Below  are  6  displays^  enter  the  readings  in  the  blanks  below  each. 


00340,0  s 


b. 


000,500  kHz 


a. 


b. 


c. 


0095,60  ms 


d. 


d. 


00800,0  us 


e. 


e* 


099,000  s 


The  5jswer  to  Frame  33  is; 
1*      us  microseconds 
2*      ms  milliseconds 
3,     s  seconds 


f. 


f. 


873,400  MHz 


3 


4.  MHz  Megahertz 

5.  kHz  kllohertz 
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Frame  35 


When  using  the  frequency  function^  all  readings  will  be  displayed 
as  MH2  (megahertz)  or  kHg  (kilohertz).  Perform  the  steps  given  in  the 
following  table  to  measure  frequency* 


1. 

Turn  the  power  switch  ON, 

^ec  cne  noae  swiccn  to  irRi^tj*  A, 

oet  tne           (lisj/nULiv^Nj  switcn  to  cne  tune  oase  aesirea* 

Turn  Display  Time  control  full  clockwise  to  infinite 
set b  xng  4 

5, 

♦ 

Connect  input  signal  to  input  "A*** 

6, 

Pictorial  display  gives  frequency  reading  with  the  unit 
of  measure  (MHz  or  kHz)* 

Ifo  Response* 

The  answer  to  Frame  34  is;    a*    340  seconds;    b*    0*5  kllohertg; 
c *    95*6  milliseconds ;    d *    300  microseconds;    e *    99  seconds; 
f ,    873*4  Megahertz 
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Fratne  36 


Period  measurement  uses  a  single  Input  signal*    It  routes  the 
signal  to  the  timing  circuits,  and  measures  the  length  of  time  between 
the  beginning  and  end  of  the  signal.    To  perform  period  measurement 
with  the  counter,  follow  the  steps  given  in  the  following  table* 


- 

1. 

Turn  the  power  switch  to  the  OK  position. 

2. 

Turn  MODE  switch  to  PER.  A  X  1. 

3. 

Set  TIME  Cys)MllLTCK)  switch  for  desired  resolution;  10°  -  10^ 
for  milliseconds,  and  10    ^  10    for  seconds* 

4. 

Connect  the  signal  to  input  '*A'\ 

5. 

Set  Display  Time  control  to  conven^.ent  reading  rate* 

6. 

Pictorial  display  shows  count,  unit  of  measurement  Cms  or  s) 
and  the  decimal  point* 

Cross  out  the  Incorrect  word  in  the  C  )* 

1*      Period  measu  ement  is  made  with  the  counter  in  the  (A  K  1, 
FREQ*  \)  mode* 

2*      The  input  signal  is  connected  to  (input  A,  input  B)  connector 
for  period  measurement* 

3*      If  during  period  measurement  the  TIME  Cus)/MULTCN)  is  set  at 
5 

10  ,  the  reading  will  be  in  units  of  C milliseconds,  seconds). 


2 
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Frame  37 


Time  Interval  measurement  is  very  similar  to  period  measurement  * 
The  difference  is  we  use  two  input  signals  for  Time  Interval  measure- 
ment, one  to  start  the  count,  and  another  to  stop  the  count.  To 
perform  Time  Interval  measurements,  follow  the  steps  given  in  the 
following  table* 


Pi 

m 

m 


1*  Turn  power  switch  ON* 


2.  Turn  MODE  switch  to  TIM  A  -  B. 


3*  Set  TIME  (ys)/MUiT(H)  switch  for  desired  resolution 

o         3  ^  o 

10    -  10    for  milliseconds,  and  10    -  10    for  seconds. 


4.  Connect  the  start  signal  cable  to  input  A* 


5*  Connect  the  stop  input  signal  to  input  &* 


6,  Turn  DISPLAY  TIME  control  for  a  convenient  reading  rate* 


7*  Pictorial  display  shows  the  time  interval  counted  in  the 
unit  of  measurement  (milliseconds  or  seconds)  and  the 
decimal  point* 


Place  a  (/)  in  front  of  the  true  statements  below* 


1*      Both  inputs  are  used  for  Time  Interval  measurements « 


_2*      The  mode  switch  is  set  to  RATIO     ^     for  time  interval 
measurements « 


Tlie  answer  to  Frame  36  is:    1*  A  X  1;      2*    input  A;      3*  seconds 


m 


D 
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OSCILLOSCOPE 

Frame  38 

The  purpose  of  the  oscilloscope  is  to  view  the  waveform  of  a 
voltage  and  compare  it,  if  necessary,  with  the  waveform  of  another. 
Use  the  table  below  and  the  figure  on  the  next  page  to  review  the 
controls  on  the  oscilloscope. 


Y  Position  Control 

Moves  the  entire  trace  either  up  or  down. 

X  Position  Control 

Moves  the  entire  trace  either  right  or  left. 

Intensity  Control 

Varies  the  brightness  of  the  trace. 

Focus  Control 

Varies  focus  of  the  trace. 

Sync  Selector 

Selects  either  external,  internal,  or  line 
frequency  synchronizing  signals. 

Sweep  Range  Control 

Varies  s^^eep  frequency  in  gross  steps.* 

Sweep  Vernier  Control 

Varies  sweep  frequency  when  used  with  sweep 
range  control. 

Sync  Amplitude 
Control 

Selects  phase  and  varies  voltage  to  the 
synchronizing  circuit. 

Y  Attenuator 

Provides  for  direct  peak-to-peak  reading  of 
input  signal  in  steps  of  1,  10,  100,  S  1000. 

Y  AiBplitude  Control 

* 

Varies  amplitude  of  vertical  deflection. 

X  Selector 

Controls  horizontal  deflection.  AMFLIPIER 
positions  selects  AC  or  DC  coupling.  RECUR 
provides  for  continuous  sweep.    DRIVEN  pro- 
vides for  sweep  when  triggered  by  sync.  sig. 

X  Amplitude  Coulrol 

Varies  amplitude  of  horizontal  deflection. 

Power  Rotary  Switch 

Controls  power  OH  and  OFF  and  varies  inten- 
sity of  the  lighted  scale  on  the  scope  face. 

2J28 
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* 

Frame  38  (Cont'd) 

Circle  the  letter  of  the  correct  answer. 
1*     The  purpose  of  the  oscillosope  is  to 

a.  measure  the  elapsed  time. 

b.  provide  a  digital  display  of  the  amplitude  gain  in  the 
circuit , 

c.  provide  viewing  on  84  channels  of  UHF. 

d.  provide  viewing  of  a  voltage  waveform,  and  comparison 
to  another. 

The  answer  to  Frame  37  is:    (/)  1;     (  )  2. 
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Frame  39 


You  will  use  the  oscilloscope  most  frequently  to  observe  a  waveform 
to  locate  a  source  of  "noise"  or  distortion.    Connect  the  ground  point  of 
the  circuit  under  test  to  the  Y  GHOUND  terminal  on  the  lower  left  of  the 
oscilloscope.    Connect  the  test  signal  to  the  Y  INPUT  terminal.    Set  th*> 
SYNC  SELECTOR  to  INT  and  the  X  SELECTOR  to  RECUR.    Turn  the  Y  ATTENUATOR 
control  to  the  position  that  gives  a  suitable  size  trace  within  the  range 
of  the  screen.    The  volts  full  scale  of  the  control  should  always  be 
higher  than  the  value  of  the  input  voltage.    Either  AC  or  DC  may  be 
selected  by  moving  the  selector  to  either  the  right  or  left* 

Note:    tio  not  permit  a  sharply  focused  line  or  spot  of  high 

intensity  to  remain  fixed  on  the  screen  for  any  length 
of  time.    The  screen  material  may  be  burned  or 
discolored. 

Place  a  (/)  in  front  of  the  true  statements  below, 

 ^1*     A  sharply  focused  object  of  high  intensity  may  bum  the  screen 

material  on  the  oscilloscope  if  left  for  any  length  of  time. 

 2*     The  volts  full  scale  value  should  be  lower  than  the  value  of 

the  input  voltage. 

 ^3*     The  ground  point  of  the  circuit  under  test  should  be  connected 

to  the  Y  input  connector. 


The  answer  to  Frame  38  is:  1^ 


a 


c 
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Frame  40 

Increase  the  SWEEP  RANGE  control  until  the  trace  becomes  steady , 
using  the  SWEEP  VERNIER  for  fine  adjustment  of  the  sweep  frequency* 
When  Che  trace  looks  like  it  has  almost  stopped*  "lock  it  in"  using 
the  SYNC  AMPLITUDE  control*    The  trace  can  be  locked  in  with  either 
the  positive-  or  negative-going  portion  of  the  signal  on  the  left  side* 
depending  on  the  setting  (right  or  left)  of  the  SYNC  AMPLITUDE  control* 
The  Y  and  X  amplitude  controls  may  be  used  to  expand  the  trace  In  their 
respective  axes  for  a  more  detailed  viev« 

Fill  in  the  blanks* 

1.  '  When  the  trace  is  almost  stopped  it  is  locked  in  using  the 
 control « 


The  answer  to  Frame  39  is  (/^i*    C  )  2*    (  )3* 


2 
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PHASE  mATIOHSHIP  OBSERVATION 


Frame  41 


The  oscilloscope  can  be  used  to  determine  the  difference  in  phase 
angle  between  two  signals  of  equal  frequency.    Since  the  exact  phase 
angls  will  be  measured  using  the  Phase  Angle  Voltmeter*  we  need  only 
to  make  approximate  readings  of  the  phase  shift  using  the  oscilloscope. 
Begin  by  connecting  one  Input  to  the  X  INPUT  terminala  and  the  other 
to  tjie  Y  INPUT  terittinals.    Turn  on  the  X  and  Y  Selectors  to  give  a 
suitable  sized  trace  within  the  scope  face.    The  trace  or  pattern  will 
depend  upon  the  degree  of  phase  shift*    Kote  the  most  commonly  obtained 
patterns  and  their  meanings  shown  on  the  next  page* 

Enter  the  phase  shift  in  the  blank  to  the  right  of  the  drawing* 


The  answer  to  Frame  40  Is:    1*    Sync  Amplitude 
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TfpM  iMft       ftit  #1  §^m. 
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Frame  42 

Circle  the  letter  of  the  correct  answeri 

1.  The  purpose  of  che  Electronic  counter  Is  co 

a.  provide  a  digital  readout  of  frecjuency,  period,  and 
time  interval* 

b.  supply  a  source  of  power  to  the  crystal  oven. 

c.  provide  readings  of  Hertz,  Megahertz,  and  kiloHertz  only. 

d.  provide  a  display  of  the  phase  relationship  between 
two  voltages  * 

2.  The  purpose  of  the  Oscilloscope  is  to 

a.  measure  the  elapsed  time. 

b.  provide  a  digital  display  of  the  amplitude  gain  in 
a  circuit* 

c.  provide  a  readout  of  time  intervals. 

d.  provide  viewing  of  a  voltage  waveform  and  comparison  to 
another. 

Match  the  functions  on  the  left  to  the  controls  on  the  right  by 
placing  the  letter  of  the  control  in  the  blank  to  the  left  of  the 
corresponding  function. 


mo 


_3. 

4, 


6. 


7. 


8. 


9. 


10. 


Counter 

provides  manual  reset. 

programs  counter  to  a  mode  of 
operation. 

provides  power  to  all  circuits 
except  the  crystal  oven. 

provides  variable  display  time 
from  0  to  10  seconds. 

Oscilloscope 

Selects  phase  and  varies  voltage  to 
the  synchronizing  circuits. 

Varies  focus  of  the  trace* 

Varies  brightness  of  the  trace. 

Varies  amplitude  of  vertical 
deflection. 


a.  Display  Time  Control 

b .  Reset  Button 

c.  Power  Switch 

d.  Mode  Switch 

e.  Storage  Switch 

a.  Sync  Amplitude 
Control 

b.  Y  Amplitude  Control 

c.  Intensity  Control 
d*  Focus  Control 

e*  Power  Rotary  Switch 


m 
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Frame  12  (Cont'd) 


Enter  the  readings  displayed  to  the  right  of  the  drawings. 


0^790.0  ms  11*   

0502*30  MHz  12*   

00800*0  us  13*   

348*000  s  14*   

Enter  the  degrees  of  phase  shift  to  the  right  of  the  drawings. 
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The  answer  Co  Frame  41  is:    I*    180  decrees  > 

The- answers  Co  Frame  42  will  be  verified  by  the  insCrucCor.  If 
missed  any  quesCions>  recurn  Co  the  appropriate  frame  to  insure 
complete  knowledge  of  the  material. 
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Section  A»    GENERAL  DFSCRIPTION  OF  FLIGHT  DIRECTOR  SYSTEM  COMPONENTS 

Frame  1 

The  Flight  Director  System  (FDS)  receives  heading*  attitude 
and  other  Information  from  various  systems  in  the  aircraft »  This 
information  provides  visual  pitchy  roll*  heading*  and  various  types 
of  conBDand  Information  to  the  aircraft  crew  members »    The  two  Indl^ 
cators  of  the  Flight  Director  System  that  present  this  information 
are  the  Attitude  Director  Indicator  (ADI)  and  the  Horizontal  Situation 
Indicator  (HSI)*    The  two  other  major  components  of  the  FDS  are  the 
Flight  Director  Computer  (FDC)  and  the  Instrument  Set  Coupler  (ISC)  • 
The  major  components  and  some  signals  of  the  Flight  Director  Computer 
System  are  shown  in  the  block  diagram  below. 


ins* 
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Write  the  names  of  tha  Flight  Director  System  components  in  the 
specss  provided* 

1*  .  

2*   .  .   

3* 
4* 
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Framd  2 

The  Flight  Director  Computer  (FDC)  accepts  guidance  and  sensor 
Information  from  the  Instrument  Set  Coupler  (ISC),    In  Frame  1  only 
a  portion  of  the  information  transferred  Is  shown.    The  FDC  processes 
thla  Information  and  transmits  It  to  the  Indicating  sections  (bars^ 
pointers^  flags»  otc)  of  the  HSI  and  the  ADIt    The  guidance  and  sensor 
Information  originate*  In  the  Navigation  and  Attack  Systems^  CADC^ 
AFRS»  Glide  Slope  Itadlo  Receiver*  Localizer  Radio  Receiver,  HSI  Tacan 
System^  and  otherflt    The  computer  Is  shown  hzlo^^ 


FUiCHT  SiRECTDR 


CONNECTOR 


CONNECTOR- 

Place  a  checkmark  (/)  in  front  of  each  true  statement* 

Signals  processed  by  the  FDC  are  used  to  operate  indicating 
sections  of  the  ADI  and  HSI, 

 All  guidance  and  sensor  information  originates  in  the  Flight 

Director  System, 

Answers  to  Frame  1;    1,  Flight  Director  Computer 

2,  Instrument  Set  Coupler 

3,  Horizontal  Situation  Indicator 

4,  Attitude  Director  Indicator 
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Frame  3 


/?y7 


The  Instrument  Set  Coupler  (ISC),  shown  below,  Is  located  in  the 
cockpit  and  la  usad  to  select  a  particular  Flight  Director  System 
mode  of  operation*    The  coupler  serves  as  a  conditioning  and  distri- 
bution center  for  the  signals  received  from  the  various  signal  sources 
in  tha  aircraft*    After  conditioning  the  appropriate  signals  for  a 
particular  mode  of  operation,  they  are  routed  to  selected  Flight  Director 
components  and  other  systems* 


It     The  IDC  Js  used  for  selecting  a  particular  mode  of  operation* 

2*      After  conditioning  signals,  the  ISC  transmits  its  outputs 
to  the  Flight  Director  components* 


Place 


a  checkmark        In  front  of  the  true  statements* 


Answers  to  F/ame  It 


/  1* 


1  Frame  A 

The  Flight  Blrector  System  contains  four  panels*    These  contain 
the  switching  circuits  required  to  select  the  desired  mode  of  operation 
for  a  specific  flight  condition*    These  panels  provide  a  selection  of 
10  modes  and  two  submodel  of  operation*    The  panels  are: 

1*      Instrument  Set  Coupler  (Control  Panel)* 

2*     Miscellaneoua  Display  Panel* 

3*     Ground  Check  Panel* 

4*     Navigation  Display  Panel* 

?lace  a  checlottark  (v^  in  front  of  the  components  that  contain 
switching  circuits  for  the  Flight  Director  System* 

 ^1*      Attitude  JJirector  Indicator* 


2*     Flight  Director  Computer* 


3*     Ground  Check  Panel* 


4*     Horizontal  SltudXion  Indicator* 


5*      Instrument  Set  Coupler* 


^6*  Hlscallaneous  Display  Panel* 
7*     Navigation  Display  Panel* 


Answers  to  Frama  3;  1*       ^  2* 


Ftame  5 


Tha  two  8Wlcc|ies  on  Che  face  of  the  ISC  provide  the  means  of 
selecting  the  wod^s  of  operation*    These  switches  are  thet 

I*      MDDE  SEL  Switch*    It  provides  a  selection  of  10  different 
Flight  Director  modes* 

2*     Fitch  Steer  Switch*    It  determines  what  signals  will  be  applied 
to  tha  Pitch  Steering  Bar  on  the  Attitude  Director  Indicator* 

^fer  to  the  illustration  below  to  become  familiar  with  the  two 
switches  and  modes  of  operation*    The  front  panel  of  the  ISC  also  has 
two  landing  gear  Indicating  lamps*    These  operate  Independently  of  the 
Flight  Director  circuitry* 


M00£  , 
SELECT 
SWITCH 


RTCH 
STEERING 


Place  a  checkmark  (/)  in  front  of  the  true  statements* 

1*     The  MODE  SEL  Switch^  Is  uaed  to  select  a  submode  of  operation^ 


2, 


Tha  Pitch  Steer  Bar  of  the  ADI  la  controlled  by  the  Pitch 
Steer  Switch* 


3* 


Landing  gear  lampe  on  the  ISC  are  controlled  by  the  FCS* 
4*     Major  modes  are  selected  on  the  HODS  SEL  Switch* 

/  3* 


Answers  to  Frame  4; 
/  7. 


1. 


2. 


A, 


/  5.       /  6. 


Fraine  6 

The  Ground  Chsck  Panels  shown  below>  contains  two  switches  associated 
with  tha  Flight  Director  System*    Both  switches  are  used  during  maintenance 
operations •    They  are* 

X*      IKSTR  Switch  (A)* 

2*      GYROS-OFP  Switch  (B) * 

Tha  INSTR  Switch  Id  used  to  perform  a  self-^test  of  the  Xnstniment 
Set  Coupler*    It  also  performs  a  self^test  of  Indicators  not  part  of 
the  Flight  Director  System*    The  GyHD-OFF  Switch  Is  used  to  remove 
power  from  the  AFRS^  Bearing  Distance  Heeding  Indicator  (BDHi) »  and 
Rate-of-^Tum  Transmitter  when  performing  maintenance* 


©t  tNO   t  tMG 
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ZWfO        CHAH  A       CNAK  I      CHAK  C  ACCit 


Place  a  checkmark  CA  1^  front  of  the  true  statements* 


^1*      The  INSTR  and  GYKOS^'OFF  Switches  are  used  to  select  submodes 
of  operation* 

2*      Self-^test  of  the  ISC  Is  performed  by  using  the  IKSTR  Switch* 

_^3*      The  GintOS-OFF  Switch  controls  power  to  the  Flight  Director 
System* 


Answers  to  Frame  5: 


1* 


/  2* 


3. 
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Frame  7 


The  Hiscellaneous  Display  Panel  contains  the  FLX  INSt  Hef  Syitch 
(Flighc  Instrument  Reference  Switch)  (A),    This  switch  permits  manual 
salecrion  of  either  the  primary  INST  or  Auxiliary  Flight  Raference 
System  (APRS)*    This  is  the  source  of  pltch-and-roll  signals  supplied 
to  the  ADI  and  FDC  and  the  magnetic  heading  signals  supplied  to  the 
ADI  and  HSI,    The  FLT  INST  REF  Switch  operation  was  covered  In  the 
Auxiliary  Flight  Reference  System*    The  Hiscellaneous  Display  Panel 
is  shown  belowt 


Place  a  checkmark  (A  in  front  of  the  true  statemantst 

It      The  FLT  INST  REF  Switch  determines  whether  the  INS  or  AFRS 
supplies  signals  to  the  HSI  and  ADI, 

 2,      The  FLT  INST  REF  Switch  controls  the  Pitch  Steer  Bar  In  the 

ADIt 

Answers  to  Frame  6;   1,       /   2,  3, 


Frame  8 

The  Navigation  Display  Panel  is  not  an  Instrioment  System  component. 
This  unit  is  part  of  the  Bombing  Navigation  System.    This  system  pro- 
vides command  and  steering  signals  to  the  Flight  Director  System  in 
particular  Flight  Director  modes* 

Place  a  checkmark  (v^  in  front  of  the  true  statements. 

 ^1.     The  Navigation  Display  Panel  Is  a  Flight  Director  System 

component* 

 2*     The  Bombing  Navigation  System  has  nothing  to  do  with  the  Flight 

Director  System* 

 ^3*      Command  and  steering  outputs  from  the  Bomb  Navigation  System 

are  provided  for  the  Flight  Director  System* 

Answers  to  Frame  7;       i/   1^  2* 


2)17 


10 


Frama  9  *  ^^-^ 


The  Horizontal  Situation  Indicator  (HSI)  is  the  Flight  Director 
System  Navigational  Instrument*    The  HSI  Is  located  on  the  main  instru- 
ment panel  and  provides  the  pilot  with  visual  displays  of  heading, 
course,  distance  and  bearing  information*    This  multiple  display  instru- 
ment receives  the  majority  of  its  input  signals  from  the  flight  director 
computer*    After  being  processed  by  the  computer,  the  signals  are  trans- 
mitted to  the  Instrument  Set  Coupler  and  then  to  the  HSI* 


Place  a  checkmark        in  front  of  the  true  stat^nents* 

1*      The  Horizontal  Situation  Indicator  la  a  Flight  Director  System 
Component* 

 2*     The  HSI  provides  the  pilot  with  a  visual  display  of  aircraft 

attitude* 

 3*     The  majority  of  tha  HSI  Inputs  are  processed  by  the  Flight 

Dlrsctor  Computer* 

Answers  to  Frame  8i   1*  2*       /  3* 


2  'is 
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Frame  10 

The  Indicating  sections  of  the  HGI  are  arranged  so  that  the  Indl 
cator  provides  the  pilot  with  a  pictorial  view  of  the  aircraft's  navl 
gatlonal  situation*    When  reading  the  Indicator^  the  view  is  as  if 
you  are  looking  at  the  ground  through  the  indicator*    Refer  to  the 
Illustration  below*    The  miniature  aircraft  represents  the  aircraft 
la  which  the  instrument  is  mounted*    Indications  of  aircraft  headings 
course,  and  bearing  are  referenced  to  the  minature  aircraft* 

isf 


TACAN 


ACTUAL  AIRCRAFT 


Place  a  checkmark  (/)  in  front  of  the  true  statements* 

 !♦      Indications  read  on  the  HSI  are  referenced  to  the  earth*s 

horizon* 

 The  HSI  provides  a  pictorial  view  of  the  aircraft's  navigational 

situation* 

3*      Indicatloas  of  heading,  course,  and  bearing  are  referenced 
to  the  miniature  aircraft  symbol* 

Answers  to  Frame  9:       /  _  1*  2*       /  .3* 


2)i9 

12 


Frame  11 


?   Attitude  Director  Indicator  located  on  the 'main  instrument 

fJ!  ^^^^"-^  indicator  which  displays  attitude^  heading, 
turn  and  slip,  glide  slope  deviation,  and  bank  and  pitch  steering  infoi- 

^"^^'^"^r  °"  ^  ^"i*="<i«  «Phere»  turn 

and  slip  indicator,  pitch  and  bank  steering  bars»  and  a  glide  slope 
indicator.    Flags  are  also  provided  to  indicate  power  failure  or  unre- 
innSt    r^*"*^"-    The  steering  bars  and  glide  slope  indicator  receive 
input  signals  from  the  Flight  Director  Computer. 


Place  a  checkmark  (,/)  in  front  of  the  true  statements 


 ^1.     The  Attitude  Director  indicator  displays  attitude,  heading* 

turn  and  slip»  glide  slope»  and  steering  information. 

 2.     The^I  contains  flags  for  indicating  power  failure  and 

reliability  of  input  signals. 

 3.     The  Flight  Director  System  controls  most  ADI  indicating  sections. 

Answara  to  Frame  10 1   ^i.    __/z.       /  3. 


13 


Section  B.    HORIZONTAL  SITUATION  INDICATOR 


Frame  1 


The  Horizontal  Situation  Indicator  (HSI)  i3  one  of  the  major 
components  of  the  Fli^t  Director  System.    This  navigational  instrument 
displays  magnetic  heading^  heading  selection^  course  selection^ 
course  deviation^  bearing  and  distance  to  a  selected  radio  transmitter. 
This  multipurpose  indicator  provides  the  pilot  with  a  pictorial 
view  of  the  aircraft *s  navigational  situation.    Indications  are 
provided  on  eight  indicating  sections.    Warning  flags  are  also 
provided  to  indicate  power  failure  and  signal  reliability. 

Place  a  checkmark  (/)  in  front  of  each  tnie  statement. 

 1.     The  HSI  is  a  major  component  of  the  FDS. 

 2.     The  HSI  provides  the  pilot  with  a  pictorial  view  of  the 

aircra£t*s  attitude. 

 ^3.      Signal  reliability  and  power  failure  are  indicated  by 

the  HSI. 


15 


Fr,ame  2 

Look  at  the  illustration  below.    The  upper  lubber  line  indicates 
the  aircraft  heading.    This  heading  is  read  from  the  couipass  card* 
The  lower  lubber  line  is  used  as  a  reference  point.    The  miniature 
aircraft  symbol  represents  the  actual  aircraft.    It  will  always 
point  to  the  top  lubber  line. 


CU8BER 


Identify  the  indicating  sections  in  the  illustration  below 
by  placing  the  appropriate  letter  from  the  drawing  in  the  proper 
space  in  front  of  the  names  listed  below* 


Answers  to  Frame  1;     /  1.  2.       /  3. 
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Frame  3 


Study  the  Horizontal  Situation  indicator  illustrated  below 
as  you  read  this  frainet 

The  HSI  contains  four  servo- operated  indicating  sections. 
The  Compass  Card  is  one  of  these  and  is  shown  in  the  illustration 
below.    The  Compass  Card  (also  knotrn  as  Azimuth  Dial)  indicates 
aircraft  heading.    The  heading  is  ^narked  o£f  to  give  readings  from 
0  degrees  to  360  degrees.    Increments  are  provided  every  5  degrees 
and  nximbers  every  30  degrees.    Letters  are  also  provided  at  each 
of  the  cardinal  headings  (N,  and  W).    The  Compass  Card  rotates 

as  the  aircraft  turns.    The  aircraft  heading  Is  read  at  the  upper 
litbber  line. 


Place  a  checkmark  (/)  in  front  of  the  true  statements, 

 1.     The  Compass  Card  is  a  stationary  reference  for  reading 

aircraft  heading, 

2,     The  Conpass  Card  indicates  desired  heading. 

 3,     As  the  aircraft  turns,  the  Compass  Card  also  tiims, 

 4.     Aircraft  heading  is  read  at  the  bottom  lubber  line, 

5 ,     The  Coispass  Card  contains  reference  increments  at  every 
five  degrees , 

Answers  to  Fraa^  2;       B    1,       A    2,       C  3, 
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'  The  Heading  Marker  is  shown  in  the  Illustration  below.  The 
Heading  Set  Knob  is  used  to  manually  set  the  marker.    The  Heading 
Marker  can  also  be  servo-operated  by  a  comnand  signal  from  the 
Boidilng' Navigation  System.    The  position  of  the  MODE  SEL  switch 
determines  which  way  the  Heading  Marker  operates. 


Place  a  checkmark  (/)  in  front  of  the  true  statements. 

1.      The  double  rectangular  marker  on  the  HSI  is  the  Compasd 


 ^2.      The  Heading  Set  Knob  is  used  to  manually  position  the 

marker  against  the  Conq^ass  Card. 

 3.      The  Heading  Marker  can  only  be  positioned  aga^^nst  the 

Compass*  Card  by  the  Heading  Set  f&iob  . 

4.      The  MODE  SEL  switch  determines  hew  the  marker  will 
controlled. 

Answers  to  Frame  3;   1.  2.       /    3.  4.       /  5. 


HEADING 
MARKER 


Card. 


IS 


1 


Frame  5  Z?^/ 


The  Heading  Marker  can  only  be  manually  set  when  the  MODE 
SEL  switch  is  in  the  MAN/HD6  mode*    Xn  this  mode  the  marker  serves 
as  a  memory  device*    The  pilot  uses  the  Hdg  Set  Knob  to  position 
the  marlcer  against  the  Compass  Card*    This  provides  a  reference 
£or  the  direction  he  desires  to  fly^  and  is  sho/n  in  the  illustration 
below.    After  the  marker  has  been  positioned  against  the  Con^ass 
Card»  it  moves  with  the  Compass  Card  whenever  the  aircraft  turns* 
The  pilot  turns  the  aircraft  until  the  marker  is  at  the  top  lubber 
line*    With  the  Heading  Marker  at  the  top  lubber  line,  the  pilot 
is  flying  his  desired  heading. 


NOT  DESIRED  HEADrNG  DESIRED  HEADING 


Place  a  checkmark  (/)  in  front  of  the  true  statements* 

 1*      The  Heading  Marker  can  be  manually  set  when  the  MODE 

SEL  switch  is  in  the  HAH/HDG  mode. 

 2*     During  aircraft  turns,  the  Heading  Marker  turns  with 

the  Compass  Card* 

3,      The  aircraft  is  flying  the  desired  heading  when  the  Heading 
Marker  is  at  the  bottom  liiiber  line. 

Anders  to  Frame  4j   1*       /   2*  3*       /   ^ . 


Frame  6 


The  Heading  Marker  is  servo  operated  In  all  modes  except  KAN/HBG. 
The  conmand  input  signal  is  computed  by  the  Bonblng  Navigation 
System.    This  signal  drives^  the  heading  marker  to  a  command  heading 
on  the  compass  card.    Once  the  Heading  Marker  Is  positioned  to 
the  computed  heading  it  moves  with  the  Compass  Card  as  the  aircraft 
turns.    The  pilot  flies  the  aircraft  in  the  direction  that  moves 
the  Heading  Marker  to  the  vop  Libber  line.    By  steering  the  aircraft 
In  a  direction  that  keeps  the  Heading  Marker  at  the  top  lubber 
line,  the  pilot  will  fly  the  aircraft  to  the  precomputed  destination, 
target,  or  rendezvous  aircraft. 

Place  a  checkmark  (/)  next  to  the  true  statements. 

 ^1,     The  Heading  Marker  is  servo-operated  only  in  the  MAN/ 


HDC  mode. 

 2.     Computed  comand  heading  signals  originate  in  the  FDS. 

 Steering  the  aircraft  to  keep  the  Heading  Marker  ai:  the 

top  lubber  line»  takes  the  aircraft  to  a  precomputc±d 
destination. 

Answers  to  Frame  5:     /  ^  1.     ^  /  _  2 .   3. 
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Frame  7 


The  Course  Arrow  Is  another  servodriven  Indicating  section. 
Like  the  Heading  Maricar^  the  Course  Arrow  is  either  servo-operated 
by  signals  from  the  Bodb-Nav  System  or  manually  set  by  the  pilot. 
How  the  Course  Arrow  Is  controlled  depends  on  the  position  of  the 
MODE  SEL  switch;    The  Course  Arrow  Is  read  against  the  Compass 
Card.    The  Arrow  Is  servodriven  or  manually  set  to  the  desired 
course  on  the  Compass  Card.    It  then  moves  with  the  Compass  Card 
when  the  aircraft  turns.    The  course  arrow  Is  shown  in  bold  lines  ' 
In  the  illustration  below. 


Place  a  checkmark  </)  next  to  the  true  statement/s . 

.  ,^  ,^  1.      The  Course  Arrow  can't  be  manually  set. 

 Z*      The  Course  Arrow  Is  read  against  the  Heading  Marker. 

 ^3.     After  being  positioned  against  the  Coinpass  Card,  the 

Course  Arrow  moves  with  the  Compass  Card  during  turns. 

Answers  to  Frame  6;   1.   2.       /  3. 


COUASE 
ARROW 
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Fratoe  6 


A  Course  Set  Knob  on  th**  bottom  right  of  the  Indicator  is 
used  to  manually  position  the  Course  Arrow  against  the  Compass 
Card.    A  Course  Select  Window  (course  counter)  provides  a  digital 
readout  of  the  position  of  the  arrow  against  the  Compass  Card, 
This  counter  is  mechanically  linked  to  the  Course  Arrow  and  always 
indicates  the  same  as  the  arrow.    Turning  the  Course  Set  Knob  controls 
both  the  arrow-  and  the  counter*    Locate  the  Course  Set  Knob  and 
the  Course  Select  Window  In  the  illustration  below* 


COURSE 
SELECT 
WINDOW 


COURSE 
ARROW 


COURSE 
SET  KNOB 


Place  a  checkmark  (/)  next  to  the  true  statements 
1* 


Turning  the  Course  Set  Knob  positions  both  the  Course 
Arrow  and  Course  Select  Window* 


2*      The  Course  Select  Window  indicates  the  position  of  the 
arrow  against  the  Compass  Card* 

3,     The  Course  Set  Knob  has  no  control  of  the  Course  Select 
Window  * 


Answers  to  Franie  7: 


1, 


2. 


/  3* 
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Frame  9 

The  Course  Arrow  Is  manually  positioned  during  modes  of  operation 
that  provide  radio  signals  for  navigation.    An  example  of  this 
Is  the  radio  signal  transmitted  from  the  far  end  of  a  runway.  This 
signal  Is  used  by  the  pilot  to  center  his  aircraft  on  the  centerllne 
of  the  runway  prior  to  landings    This  Is  shown  In  the  Illustration 
below.    Using  the  Course  Set  Ktoob,  the  pilot  sets  the  runway  direction 
Into  the  Course  Select  Window.    Now  the  Indicator  gives  the  pilot 
a  pictorial  view  of  his  navigational  situation.    The  Course  Arrow 
represents  the  runway.    In  the  Illustration  below  the  pilot  Is 
flying  000  (H)  degrees.    This  Is  Indicated  by  the  lubber  line. 
The  runway  direction  Is  090  degrees  and  Is  Indicated  by  the  Course 
Arrow. 

\ 


i     CGNTER  UNE  OF  RUNWAY 

RADrO  SIGNAL 

t     090  DEGREES 

RUNWAY 

COURSE  ARROW 


Place  a  checkmark  (/)  next  to  the  tme  statements. 

 1.     When  landing,  a  radio  signal  positions  the  Course  Arrow. 

 2.     Runway  direction  is  set  Into  the  Course  Select  Window 

prior  to  landing. 

3.     When  landing,  the  Course  Arrow  represents  the  centerllne 
of  the  runway. 

Answers  to  Fraine  8;       /   1*       ^  .  2.   3. 
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Frame  10 


During  modes  of 'operation  that  provide  coinmand  signals  to 
the  Course  Arrow,  It  Indicates  Magnetic  Ground  Track*  Magnetic 
Ground  Track  Is  the  direction  the  aircraft  Is  moving  In  relation 
to  the  ground.    In  other  words  If  a  cross  wind  pushes  the  aircraft 
off  course,  the  pilot  must  nose  the  aircraft  into  the  wind  to  maintain 
his  desired  course.    With  Its  nose  Into  the  wind  the  aircraft 
Is  pointing  In  one  direction  but  is  luovlng  in  another.    The  top 
lubber  line,  indie; tes  the  direction  the  aircraft  is  pointing  while 
the  Course  Arrow  indicates  the  direction  the  aircraft  is  moving. 
In  the  example  In  the  Illustration  below  the  aircraft  is  pointing 
In  a  45  degree  direction  but  Is  moving  due  east  over  the  ground. 


Place  a  checkmark  (/)  next  to  the  true  statement/s. 

 ^1-     Comnand  signals  provide  the  pilot  with  Indication  of 

Magnetic  Ground  Track* 

.  . ,  .  2.      Magnetic  Ground  Track  Is  read  at  the  top  lubber  line. 

 3.     The  pilot  must  set  Magnetic  Ground  Track  Into  the  Course 

Select  Wlndov. 

Answers  to  Frame  9:   1.      /    2.       /  3. 


2  H^i 
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Frame  11 

t 

The  last  servooperated  indicating  section  of  the  HSI  to  be 
covered  is  the  Bearing  Pointer*    This  indicator  alw^s  provides 
relative  bearing  to  a  TACAN  radio  transmitter*    TACAN  radio  trans-^ 
fldtters  are  located  throu^out  this  country.    They  provide  aircraft 
with  radio  signals  to  be  used  in  guiding  the  aircraft  during  cross^ 
comitry  flights.    Each  TACAN  station  has  its  own  frequency.  A 
pilot  sets  a  TACAK  frequency  into  his  radio  set.    The  bearing  pointer 
then  indicates  where  the  TACAN  station  is  in  relation  to  his  aircraft. 
This  is  shown  in  the  illustration  below. 


Place  a  checkmark  (0  next  to  the  true  stateroent/s . 

 ^1,     The  bearing  pointer  indicates  relative  bearing  to  a 

radio  transmitter. 

 2^      Bearing  is  indicated  on  the  Course  Select  Window. 

 _^3,     Bearing  of  a  TACAN  station  must  be  manually  set  by  the 

pilot. 

Answers  to  Frame  10;       /    1*   2*   3. 


Fraoe  12 

Match  the  indicating  section  reference  or  control  in  the  figure 
to  the  each  statement  on  the  left.    Place  the  letter  from  the  Illustration 
in  the  space  provided  on  the  left. 

 I*      Bearing  pointer. 

.  ,  .,„.2.      Bottom  lubber  line, 

 3.     Coiapass  Card. 

 Course  Arrow. 

 Course  Select  Window. 

6.      Course  Set  Knob. 

 Heading  Marker. 

Heading  Set  Knob . 

Miniature  aircraft  synfcol. 

Top  lubber  line. 

Set  to  runway  heading. 

Used  to  manually  position 
heading  marker. 


8. 


9. 


_10. 
11. 
12. 


^13.     Reference  from  where  magnetic 
heading  is  read. 

_14.      Provides  a  digital  readout 
of  a  selected  course. 

JL5.      Indicates  what  direction  to 
fly  to  destination  or  target. 


Answers  to  Fraioe  11: 


/  1. 


2. 


3. 
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Frame  13 


The  Range  Indicator  and  the  Range  Indicator  Warning  Flag  are 
used  with  the  Bearing  Pointer.    These  are  shown  In  the  illustration 
below.    The  Range  Indicator  is  a  digital  counter  that  indicates 
the  distance  to  or  from  a  selected  TACAN  radio  transmitter.  When 
the  pilot  sets  his  radio  controls  to  the  frequency  of  a  selected 
TACAN  station,  the  bearing  pointer  indicates  relative  bearing  to 
the  station.    The  Range  Indicator  at  the  same  time  indicates  miles 
to  or  from  the  TACAN  transmitter.    If  the  range  system  is  not  operating 
or  the  signal  is  not  reliable,  a  red  and  white  striped  flag  drops 
across  the  numerals  of  the  Range  Indicator. 


RANGE 
INDICATOR 


a£AR)NG  POtNTER 

RANGE  INOKATOR 
WARNING  FLAG 


Place  a  checkmark  (/)  next  to  the  true  statements. 


1, 


The  Range  Indicator  indicates  distance  to  or  from  a  selected 
TACAN  station. 


1.      Distance  is  manually  set  into  the  Range  Indicator. 


4, 


The  Range  Indicator  operates  in  conjunction  with  the 
Bearing  Pointer. 

The  Range  Indicator  Warning  Flag  indicates  reliability 
of  the  range  signal. 


r 

hi 


D  13. 


Answers  to  Frame  12 :    _B__1 .       I    2 , 
H    6,       C    7.       K    8,       J  9. 


F  14. 


C  15. 


E  3. 


G  4. 


D    10.      F-G  11, 


F  5. 


K  12, 


1 


H7o 

Frame  14 


You  may  have  already  noticed  that  the  Course  Arrow  Is  a  three 
part  indicating  section.    The  Course  Arrow  head>  the  Course  Arrow 
tail>  and  the  center  position  are  all  part  of  the  Course  Arrow. 
The  Course  Arrow  and  Course  Deviation  Indicator  (CDI)  are  shown 
below.    The  CDI  rotates  with  the  Course  Arrow  and  also  moves  to  the 
left  or  right  of  the  arrow  but  remains  parallel  to  it. 


COURSE 
OEVIATJON 
 INDICATOR 


COURSE  ARROW 
HEAO 


COURSE  ARROW 
TAIL 


Place  a  checkmark  (/)  next  to  the  true  statement/s. 

 ^1.      The  Course  Arrow  is  a  four  part  indicating  section. 

 2.      The  CDI  rotates  In  the  opposite  direction  of  the  Course 

Arrow. 

 3.      The  CDI  moves  to  the  left  or  right  of  the  Course  Arrow. 

Answers  to  Frame  13:        /    1.   2.        /    3.        ^  4. 


2  »^^5 
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Frame  15 


/??/ 


The  Course  Deviation  Indicator  (CDI)  indicates  the  deviation 
from  a  preselected  course.    In  the  illustration  to  the  rights  the 
selected  course  is  035  degrees*    The  aircraft  is  flying  000  degrees 
(Worth)*    This  is  indicated  on  the  lubber  line.    The  Course  Deviation 
Indicator  Is  to  the  left  of  the  Course  Arrow.    As  the  aircraft  moves 
near  the  selected  course^  the  CDI  moves  toward  the  Course  Arrow, 
If  the  aircraft  moves  beyond  the  selected  course^  the  CDI  will  move 
to  the  right  of  the  Course  Arrow  and  behind  the  miniature  aircraft 
symbol* 


Using  the  illustration  above*  underline  the  answer  that  correctly 
completes  the  statements* 

1.  Aircraft  magnetic  heading  is  (000>  030,  090>  180)  degrees* 

2.  The  selected  course  is  (035,  045,  090>  180)  degrees. 

3-      The  bearing  pointer  is  positioned  to  (015,  020 >  090 >  180) 
degrees . 

4*      The  aircraft  is  (20,  30,  50>  125)  miles  from  the  radio 
station* 

Answers  to  Frame  14:   1*   2*       /  3* 


Frame  16 

The  Course  Warning  Flag  is  also  used  with  the  Course  Deviation 
Indicator*    This  flag  is  shown  in  the  illustration  below*    The  flag 
which  is  red,  appears  in  the  window  whenever  there  is  an  invalid 
course  deviation  reading* 


COURSE 

OEViATlON 

INDICATOR- 


COURSE 
FLAG 


Place  a  checkmark  (/)  next  to  the  true  statement/s 
1. 


3. 


The  red  flag  located  below  the  Course  Arrow  head  indicates 
an  invalid  course  deviation  signal • 

The  Course  Warning  Flag  operates  in  conjunction  with  the 
Course  Deviation  Indicator* 

When  the  course  deviation  signal  is  unreliable,  the  Range 
Indicator  Warning  Flag  comes  into  view* 


Answers  to  Frame  15:    1*  OOP 


035 


3*  020 


4.  30 
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Frame  17 


tm 


Four  course  deviation  dots  are  provided  for  reading  the  amount 
of  course  deviation.    Two  are  located  to  the  left  of  the  Course 
Arrow  and  two  to  the  right  of  the  Arrow.    These  dots  are  s^cwn  in 
the  Illustration  below.    Each  dot  indicates  a  certain  number  of  degrees 
of  course  deviation.    The  number  of  degrees  depends  on  the  mode  of 
operation  selected,  fp 


COURSE 
OEVUTIOH 
3 


Place  a  checlanark  (/)  nert  to  the  true  statement/s. 


_1*      Course  deviation  dots  are  provided  for  reading  relative 
bearing  to  a  station. 


2. 


Course  deviation  dots  are  the  reference  from  which  deviation 
from  a  course  is  read. 


3. 


Each  dot  represents  the  same  number  of  degrees  of  deviation 
In  all  modes  of.operation. 


Answers  to  Frame  16: 


/    1.       /  2. 


3. 
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Frame  18 


The  next  indicating  section  to  be  discussed  is  the  TO-FROM 
Arrow.    This  is  shown  in  the  illustration  below.    This  indicating 
section  is  used  only  in  the  TACAN  mode  of  operation.    In  all  other 
modes  the  TO-FROM  Arrow  is  out  of  view.    This  section  points  either 
to  the  head  or  tail  of  the  Course  Arrow.    When  the  aircraft  is  on 
a  course  that  will  take  it  to  the  TACAN  station,  the  arrow  points 
to  the  head  of  the  Course  Arrow.    When  flying  away  from  the  TACAN 
station  the  TO-FROM  Arrow  points  to  the  tail  of  the  Course  Arrow. 
In  the  illustration  below  the  aircraft  is  flying  to  the  station* 
The  TO-FROM  Arrow  points  to  the  head  of  the  Course  Arrow. 


Place  a  checkmark  iA  next  to  the  true  statement/a. 

^1.      The  TO-FROM  Arrow  indicates  whether  the  aircraft  is  flying 
toward  or  away  from  a  TACAN  station. 

2.      When  flying  away  from  a  TACAN  station  the  TO-FROM  Arrow 
points  to  the  Course  Arrow  tail. 

3*      When  not  being  used,  the  TO-FROM  Arrow  remains  out  of 


view. 


Answers  to  Frame  17: 


/  2. 


Frame  19 

Power ^f%^ri.tnf^^f'^"^  section 'Of  the  HSI  to  be  covered  is  the 
l"s  o?  powerto'thilsi  I"''       f  illustration  ^el^. 

into  vieJ         '  """"         P^"^'^  Off  W^'^ing  Flag  to  come 


POWER  OFF 
WARNrNG  FLAG 


Place  a  Checkmark  (/)  next  to  the  true  statement/s . 

SM^rtolnfS.'?^  '''' 

nag"t:'ap1i:r:""^  °" 
^1-       /   2.       /  3. 


Answers  to  Frame  18; 


Anawers  to  Frame  19i       /I,    2. 


Sotftj    See  mi  flLn  AVA  523B* 


2^ 


Section  C.    ATTITUDE  DIRECTOR  IHDICATOR 


Frame  1 

The  Attitude  Director  Indicator  is  a  component  of  the  Flight 
Director  System.    This  indicator  is  the  pilot     prirtary  attitude 
Instrument.    This  instrument  provides  the  pilot  with  visual  displays 
of  attitude,  heading,  turn  and  slip,  glide  slope  deviation  and  flight 
director  steering  information.    Flight  director  steering  information 
from  the  Flight  Director  Computer  (FDC)  or  Instrument  Set  Coupler 
(ISC)  is  applied  to  the  ADI  steering  pointers  and  signal  reliability 
warning  flags.    The  mode  of  operation  selected  on  the  Instrument 
Set  Coupler  determines  what  Flight  Director  signals  are  being  transmitted 
to  the  ADI.    The  mode  of  operation  also  determines  whether  the  signals 
are  received  from  the  Flight  Director  Computer  or  Instirument  Set 
Coupler. 

Below  Is  an  illustration  of  the  ADI  with  the  Indicating  sections 
numbered.    Each  Indicating  section  will  be  covered  separately. 

NO  RESPOHSE  REQUIRED 

1.  Turn  and  Slip. 

2.  Rate-Of-Tum  Pointer. 


3.  Minature  Aircraft  Symbol. 

4.  Power  Warning  Flag. 

5.  Glide  Slope  Warning  Flag. 

6.  Glide  Slope  Pointer. 


1*  Pitch  Steering  Bar. 

8.  Bank  Steering  Bar. 

9.  Course  Warning  Flag. 

10.  Bank  Pointer. 

11.  Attitude  Sphere. 
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Frame  2 

/  The  Attitude  Sphere  displays  pitch,  roll,- and  heading.  These 
are  read  In  relation  to  a  fixed  miniature  aircraft  symbol  which  Is  3  In  the 
figure  In  frame  1.    The  symbol  is  shown  In  the  Illustration  below. 
The  miniature  £d.rcraft  represents  the  aircraft  while  the  moveable 
sphere  represents  the  earth^s  horizon.    Figure  A  below  represents 
an  aircraft  with  Its  nose  below  the  horizon.    Figure  B  shows  an 
aircraft  with  its  right  wing  below  the  horizon  and  its  left  wing 
above.    This  Is  called  a  right  bank.    Figure  C  shows  an  aircraft 
flying  straight  and  level  with  ^  magnetic  heading  of  060  degrees. 


A 

Place  a  checkmark  (/)  next  to  each  true  statement* 

1.     The  miniature  aircraft  symbol  represents  the  earth's 
horizon* 

2*     The  sphere  provides  visual  Indications  of  aircraft  pitch, 
roll,  and  heading- 

3*      The  attitude  sphere  is  mov^tble  and  Is  read  against  the 
miniature  aircraft  symbol* 


2073 
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the 


Frame  3 


to 


Study  each  illustration  below  and  place  a  checkmark  (A 
the  correct  flight  condition  for  each  illustratlo^?      ^  ^  ""^^ 


Figure  A 
_1*      rtose  up,  right  bank. 


_2.      Nose  up,  left  bank* 


Figure  C 

 ^X.      No  bank,  000  degree  heading* 

 ^2.      No  bank,  045  degree  heading. 

Answers  to  Frame  2:  /  2. 


Figure  B 

_1*      Diving,  090 

degree  heading. 

2,      Diving,  000 

degree  heading* 


1979 


/  3, 


O  ?7 


v.- 


Frame  4 


The  Bank  Steering  Bar^  item  8  In  the  figure  in  frame  1*  is  a 
Flight  Director  indicating  section.    Input  signals  to  the  Bank  Steering 
Bar  are  received  from  the  Flight  Director  Computer.    The  Bank  Steering 
Bar  is  used  by  the  pilot  in  making  turns  and  maintaining  desired 
headings  and  courses*    This  is  a  *'steer  to**  Indicating  section. 
If  the  bar  deflects  to  the  rights  the  pilot  must  steer  right* 

Place  a  checkmark  (/)  next  to  each  true  statement* 

 ^1*      Inputs  applied  to  the  Bank  Steering  Bar  are  received 

directly  from  the  Auxiliary  Flight  Reference  System. 

 2*      The  Bank  Steering  Bar  aids  the  pilot  in  maintaining  headings 

and  courses* 

 ^3*     When  the  Bank  Steering  Bar  deflects  left^  the  pilot  must 

steer  right* 

Answers  to  Frame  3: 

Figure  A  Figure  B  Figure  C 


/  1. 


1* 


/  1* 


2* 


/  2* 


2* 
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Frame  5 


mi 


Signals  that  operate  the  Bank  Steering  Bar  are: 
1*  heading  error- 
2*  roll- 
s' course  error • 
4*  localizer* 
5.  TACAH. 
64  command  steer  * 

Rad«r*^'"Tr'^  f^^f  ^        55°"        Bont  Navigation  System  or  Attack 
Radar.    The  signal  or  combination  of  signal!  applied  to  the  StSSnit 
Bar  depends  on  the  position  of  che  MODE  SEL  SwiLh.    Any  time  che 
Bank  Steering  Bar  is  in  vie«  and  being  used,  roll  signals  can  be 
applied  tb  it.    The  other  signals  to  be  applied  depend  on  the  mode 
of  operation.    The  illustration  below  shows  the  effect  of  roll  (bank) 
attitudes  on  the  Bank  Steering  Bar. 


Place  a  checkniark        next  to  each  true  statement. 

_1.      The  Bank  Steering  Bar  can  respond  to  more  than  one 
signal  at  a  time. 

2,      When  the  Bank  Steering  Bar  is  being  used,  roll  signals 
operate  it. 


Answers  to  Frame  4: 


1. 


/  2. 


Ml 

Frame  6 

Heading  error  is  applied  to  th=  Sank  Steering  Bar  in  modes  when 
the  pilot  manually  positions  the  Heiiing  Marker  on  the  HSI*  When 
the  HSI  Heading  Marker  is  not_  at  ths  top  lubber  line,  an  error  signal 
is  produced*    This  signal  is  sent  tc  the  Flight  Director  Computer* 
If  the  ISC  MODE  SEL  Switch  is  in  th£  proper  position^  the  heading 
error  signal  is  sent  to  the  AOI.    TzLs  causes  movement  of  the  Bank 
Steering  Bar. 


Place  a  checkmark  (/)  next  to  each  true  statement. 

 1,      Heading  error  signals  are  produced  in  the  Attitude 

Director  Indicator. 

 2.      When  the  HSI  Heading  Marker  is  at  the  lubber  line,  no 

heading  error  exists. 

 ^3,      Heading  error  signals  are  transmitted  directly  from  the 

HSI  to  the  Bank  Steering  Bar. 

Answers  to  Frame  3: 


2^)77 


4Q 


Frame  7 

Refer  to  the  illustration  >^?low.    Figure  A  shows  an  HSI  with 
a  magnetic  heading  of  000  degree:?  •    The  Heading  Marker  has  been 
set  to  a  desired  heading  of  045  degrees.    Because  the  Heading  Marker 
is  not  at  the  lubber  line,  a  heading  error  signal  is  produced  in 
the  HSI*    The  heading  error  signal  is  transmitted  to  the  Flight 
Director  Computer,    The  MODE  SEL  Switch  on  the  ISC  is  positioned 
to  MAN/HDG,    This  allows  the  error  signal  to  be  sent  to  the  ADI 
Bank  Steering  Bar,    The  Bank  Steering  Bar  is  deflected  to  the  right* 
This  tells  the  pilot  to  steer  right  to  the  desired  heading  of  045 
degrees.    Figure  B  shows  that  the  aircraft  has  turned  to  the  desired 
heading  and  the  Heading  Marker  is  now  at  the  lubber  line.  With 
the  Heading  Marker  at  the  lubber  line,  no  heading  error  exists. 
This  means  the  ADI  Bank  Steering  Bar  is  centered. 


m3 


<4>M»UTt(l 


MANUAL 


"iiiiuL 


NO  RESPONSE  REQUIRED 
Answers  to  Frame  6;  X,        /    2,   ^3, 


Frame  8 


Course  error  can  also  be  applied  to  the  Bank  Steering  Bar. 
Course  error  is  the  signal  produced  in  the  HSI  when  the  Course  Arrow 
is  not  at  the  top  lubber  line*    Course  error  signals  are  sent  to 
the  Flight  Director  Computer*    The  course  error  signal  is  applied 
to  the  Bank  Steering  Ear  when  the  MODE  SEL  Switch  is  in  the  right 
position*    The  illustration  below  shows  the  Course  Arrow  displaced 
away  from  the  lubber  line*    A  course  error  signal  is  being  transmitted 
to  the  Flight  Director  Computer*    In  the  appropriate  mode  of  operation, 
the  signal  is  applied  to  the  ADI  Steering  Bar* 


Place  a  checkmark  (/)  next  to  each  true  statement* 

1.      Course  error  is  produced  in  the  HSI  when  the  heading 
marker  is  not  at  the  lubber  line* 

2*      Course  eirror  causes  the  ADI  Bank  Steering  Bar  to  deflect* 


2  )79 


Frame  9 

TACAN  or  localizer  error  signals  can  be  applied  to  the  Bank 
Steering  Bar.    These  signals  occur  when  the  aircraft  drifts  or  deviates 
from  a  preselected  TACAN  or  localizer  course*    We  refer  to  these 
signals  as  course  deviation  error  signals*    In  the  illustration  below^ 
a  runway  heading  is  the  preselected  course*    The  aircraft  has  drifted 
to  the  left  of  the  course-    This  is  indicated  by  the  HSI  Course  Deviation 
Indicator  and  the  ADI  Bank  Steering  Bar  deflecting  to  the  right. 
This  tells  the  pilot  a  right  turn  is  needed  to  get  back  on  course- 


Place  a  checkmark  (A  next  to  each  true  statement- 

1*      Course  deviation  error  signals  occur  when  the  aircraft 
is  to  the  left  or  right  of  a  preselected  TACAN  course. 

 2*      Course  deviation  error  signals  occur  when  the  aircraft 

is  to  the  left  or  right  of  a  preselected  localizer  course* 

 3.      If  the  aircraft  drifts  to  the  left  of  a  course,  the  Bank 

Steering  Bar  deflects  to  the  left* 

Answers  to  Frame  8:  1*        /  2. 


Frame  10 

The  Bank  Steering  Bar  is  also  controlleti  by  the  Input  signals 
£rom  the  Bomb/Nav  and  Attack  Radar  Systems,    The  position  o£  the 
MODE  SEL  Switch  determines  in  what  modes  command  steering  signals 
operate  the  Steering  Bar,    In  the  correct  mode>  a  command  signal 
moves  the  Course  Arrow  to  the  course  that  the  pilot  must  Ely  to  reach 
a  precomputed  target  or  destination.    If  the  aircraft  deviates  from 
the  command  course^  the  Bomb-N£v  System  provides  the  command  steering 
signal  to  operate  the  Bank  Steering  Bar,    The  bar  indicates  the 
direction  to  steer.    Steering  to  the  bar  returns  the  aircraft  to 
the  command  course* 

Place  a  checkmark  (A  next  to  each  true  statement, 

 ^1*      Only  signals  produced  by  the  Flight  Director  System  can 

operate  the  Bank  Steering  Bar, 

 2*      Deviation  from  a  precomputed  course  causes  movement  of 

the  Bank  Steering  Bar« 

 3,      The  Bank  Steering  Bar  provides  steer-to  Information 

to  fly  back  to  a  command  course « 

Answers  to  Frame  9;       /   1,        /    2^   ^3' 


2  )S1 
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The  next  Indicating  section  of  the  ADI  to  be  covered  Is  the 
Pitch  Steering  Bar,    This  bar  Is  shown  as  Item  7  In  frame  1*  The 
bar  provides  horizontal  .steering  reference*    Like  the  Bank  Steering 
Bar*  this  is  a  steering  to  Indicating  section*    If  the  bar  deflects 
upt  the  pilot  must  fly  the  aircraft  up  to  the  bar*    This  indicating 
section  Is  also  referenced  to  the  miniature  aircraft* 


Complete  the  following  statements  by  underlining  the  correct 
words  to  complete  the  statements* 

1*      The  Pitcji  Steering  Bar  piovides  (vertical,  horizontal) 
steering  references* 

2*     The  Pitch  Steering  Bar  is  referenced  to  the  (sphere,  miniature 
aircraft)* 

3*      If  the  Pitch  Steering  Bar  deflects  up  the  pilot  must  fly 
the  aircraft  (up,  down)* 

Answers  to  Frame  10:  1*       /    2,       /  3* 


2 


Frame  12 


Various  signals  caa       applied  to  the  Pitch  Steering  Bar.  The 
ISC  Pitch  Steer  Switch         the  MODE  SEL  Switch  determine  the  signal 
that  operates  the  bar*    Tae  illustration  below  shows  the  effect 
of  pitch  attitudes  on  the  Pitch  Steering  Bar.    Figure  A  shows  an 
aircraft  with  a  nose  down  .-attitude  In  relation  to  the  horizon.  The 
ADI  Pitch  Steering  Bar  Is  deflected  up*    This  shows  the  pilot  that 
he  must  steer  the  aircraft  up  to  the  bar.^  Figure  B  shows  that  the^ 
aircraft's  nose  Is  up  and  the  Steering;  Bar  is  centered,  showing  that 
no  steering  correction  is  necessary* 


Place  a  checkmark  (vO  next  to  each  true  statement* 

 1*      Control  of  the  Pitch  Steering  Bar  Is  dtitermlned  by  the 

MODE  SEL  and  Pitch  Steer  Switch  positions* 

 2*      The  Pitch  Steering  Bar  provides  the  pilot  with  steer^ 

to  Information* 

Answers  to  Frame  11:    1*    horizontal         2.    miniature  aircraft 

3*  U£ 


A6 


Frame  13 


The  Glide  Slope  Pointer^  item  6  in  frame  1,  is  located  on  the 
left  of  the  ADIt    This  indicating  section  is  used  as  an  aid  for  making 
an  instrument  landing*    The  pointer  ntoves  up  or  down  in  relation 
to  the  ^niature  aircraft  *    This  represents  the  glide  angle  necessary 
for  landing  on  the  near  end  of  the  runway  * 

Place  a  checkmark  (i^  next  to  each  true  statement* 

 1*      The  Glide  Slope  Pointer  is  used  in  obtaining  proper  glide 

angle  for  landing* 

 2.      The  Glide  Slope  pointer  represents  the  earth's  horizon* 

 ^3,      The  Glide  Slope  Pointer  moves  to  the  left  or  right  of 

the  miniature  aircraft* 

Answers  to  Frame  12;     ^j/^  1*     ^^/^  2* 


Frame  14 


In  the  illustration  below,  indicator  A  shows  the  aircraft  approaching 
the  glide  slope.    The  glide  slope  signal  is  transmitted  from  the 
near  end  of  the  runway.    The  Glide  Slope  Pointer  is  displaced  above 
the  miniature  aircraft.    This  shows  that  the  glide  slope  is  above 
the  aircraft.    Indicator  B  shows  that  the  aircraft  has  reached  the 
glide  slope  signal.    Therefore,  the  Glide  Slope  Pointer  has  moved 
down  to  the  miniature  aircraft,    ka  long  as  the  pilot  holds  the 
aircraft  on  the  glide  slope  the  pointer  remains  centered  with  the 
miniature  aircraft. 


8  A 


Place  a  checlanark  C'O  next  to  each  true  statement. 

 ^1.      Glide  slope  signals  are  used  for  aligning  the  aircraft 

to  the  runway  centerline. 

 2.      Glide  Slope  signals  are  transmitted  from  the  near  end 

of  the  runway* 

 3.      Before  the  aircraft  reaches  the  glide  slope  signal,  t^e 

Glide  Slope  Pointer  is  below  the  miniature  aircraft. 

Answers  to  Fraioe  13;       ^    1.  2.  3> 


2  )S5 
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frame  15 


mi 


An  Inclinometer  and  Rate-of-Turn  Needle,  Items  1  and  2  In 
frame  1,  at  the  bottom  of  the  indicator  provides  turn  and  slip  Information, 
The    Inclinop:ster  Is  the  curved  tube  with  the  ball  in  it»    The  ball 
indicates  aircraft  slip,  skid,  and  coordinated  turns.    The  Rate^of* 
Turn  Needle  indicates  rate  of  turn  (degree  of  turn  per  minute),  Rate- 
of-tum  signals  are  provided  by  a  remotely  located  gyro.  Reading 
this  portion  of  the  indicator  is  tjie  same  as  reading  the  conventional 
Bank  and  Turn  Indicator, 

Place  a  checlanark  (0  in  front  of  each  true  statement. 
 ^L.      Bank  and  turn  information  is  read  on  a  separate  indicator. 

2*      Rate-of-tum  information  is  received  from  a  remote  gyro. 

 3.      Coordlnatftd  turn  is  Indicated  by  the  Rate-of-Turn  Pointer. 

Answers  to  Frame  14;   ^1.        /    2.    3. 


2  io,  ^ 
4a 


Frame  16 


Two  warning  flags  provide  reliability  information*    These  flags 
indicate  whether  or  not  the  input  signals  to  the  ADI  have  enough 
strength  to  operate  the  Glide  Slope  and  Bank  Steering  Bar  accurately. 
The  third  flag  is  the  Attiturie  Warning  Flag,  item  4  in  frame  1,  which 
comes  into  view  in  event  of  power  failure  to  system  components  or 
failure  of  the  ADI.    The  glide  slope  warning  flag,  item  5  in  frame  1, 
is  shown  on  the  left  and  course  steering  warning  flag,  item  9  in 
frame  1,  is  at  the  top  of  the  illustration* 

Place  a  checkmark  (/)  in  front  of  each  true  statement* 

1,     Warning  flags  indicate  the  reliability  of  input  signals 
to  the  Glide  Slope  Pointer  and  Bank  Steering  Bar. 

 2*      The  Atticude  Warning  Flag  indicates  the  reliability  of 

input  signals  to  the  Pitch  Steering  Bar* 

 3*      The  flag  marked  OFF  comes  into  view  with  loss  of  power 

to  the  ADI. 

Answers  to  Frame  15:  1*      ,/  2*   ^3* 

Answers  to  Vv^m  16;       /    1*  2*       /  3* 


See  ADI  film  AVA  523A» 
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Section  D,    MODES  OF  OPERATION 


Frame  1 

The  flight  director  system  (FDS)  receives  Its  Input  signals  from 
the  various  other  aircraft  syatems*    This  portion  of  the  text  will 
cover  Basic  signals  that  are  applied  to  the  ADI  and  HSX  In  various 
modea  of  operation,    Becauae  of  the  similarity  betwaen  some  of  the 
navigation  mode8>  not  all  modea  will  be  covered  in  detail*    The  MODE 
S£L  switch  and  the  PITCH  STEER  switch  on  the  Instrument  set  coupler 
detertDlne  what  signals  will  be  applied  to  the  Indicators  CADI  h  HSX), 
The  operation  of  each  st^ltch  and  Its  position  will  be  covered  separately. 
In  order  to  perform  operational  checks  and ^troubleshooting  procedures 
on  the  trainer^  It  is  necessary  to  have  a  basic  understanding  of  the 
system  operation  in  various  iBodes, 

m  RESPONSE  REQUIRED 


51  ^'Sj 


Frame  2 


The  Picch  Steering  Mode  switch  operation  will  be  covered  at  this 
time.    The  FITCH  STEER  switch  (A  in  the  figure  below)  is  a  three 
position  switch  marked  ALT  REF  (altitude  reference)  and  TF  (terrain 
following)*    This  switch  is  used  in  conjunction  with  the  MODE  SEL  switch 
B.    The  PITCH  STEER  switch  is  solenoid  held  in  either  the  ALT  REF 
or  TF  position*    In  the  event  that  the  PITCH  STEER  switch  is  being 
solenoid  held  in  either  position  and  the  MODE  SEL  switch  is  positioned 
to  a  mode  that  does  not  use  the  Pitch  Steer  Bar,  the  PITCH  STEER 
switch  will  automatically  go  the  OFF  position;  solenoid  dsetiergiaied* 


Place  a  checkmark  (/)  in  front  of  each  of  the  true  statements  below* 

1-         The  PITCH  STEER  switch  is  a  two  position  switch* 

2,         The  PITCH  STEER  switch  operates  in  conjunction  with  the  MODE 
SKt  switch* 

3*         When  not  being  used  with  a  compatible  MODE  SEL  position, 
the  PITCH  STEER  switch  goes  to  the  OFF  position. 


2  )SD 


5Z 


Frame  3 


«aln.I?M^'^''"^%^^"^""  the  pilot  In 

in  cne  alt  REF  position,  pitch  steering  command  slanals  annw<»j 
to  the  "Pitch  Steer  Bar"  L  the  ADI.    Whence  alrS-fr  f 
a  predetermined  altitude,  the  pltciS'st^^rbS^n    he  f^I  Jefle  ^s"" 
upward.    This  indicates  to  the  pilot  that  he  must  fly  up .    A3  cSe 
aircraft  reaches  the  desired  altitude,  the  pitch  steer  bir  ^tums 
li^ll  TT"  "^'^  '°  '""^  lllusLatlons  In  HO  405;  ^'  3 

pJf^h  ste^Tar'ahoSnf  "^S'"'*^  "^'^  ^'^''^^^^  with^^ 

piccn  steer  bar  showing  a  fly  up  coinmand.    Flcure  B  ah™*  f^u^ 

~"TT'  ^''f'   "°     bi?"di%piL'e°::n  fI'^:'' 

^1rA^5?  '^^^"^"'^^  ^^'^^^"•^^  ''ith  a  fly  down  LSLd 

Place  a  checkmark  (/)  m  front  of  each  of  the  true  statements  below. 

~  *        mgh'i'dSc??^:?'^  ^"  -intainlng  a  predetermined 

 2.        When  using  the  ALT  REF  position  on  the  PITCH  STEER  switch. 

steering  signals  are  applied  to  the  Pitch  Steering  Bar 

—  '        M^!!*,'''^  "J™  ^^^^  ^''^"^  ^  position,  the 

pitch  steering  bar  deflects  up  If  the  aircraft  goes  below 
a  predetermined  altitude. 

Answers  to  Frame  2:   1.      /  2.      /  3. 


0 


Frame  4 


To  obtain  a  reference  altitude,  the  pilot  flies  to  the  altitude 
he  desires  to  maintain.    When  the  desired  altitude  is  reached,  the 
PITCH  STEER  switch  is  placed  in  the  ALT  REF  position.    This  engages 
a  clutch  in  the  central  air  data  computer  (CADC),    The  CADC  system  pro- 
vides "differencial  altitude  signals  t&  the  Instrument  Set  Coupler.'* 
This  signal  is  routed  through  the  ISC  (Instrument  Set  Coupler)  to  the 
Flight  Director  Computer  (FDC)  and  applied  from  the  FDC  to  the  ADI 
Pitch  Steering  Bar.    Refer  to  the  block  diagram  below.    Visually  trace 
the  signal  from  the  CADC  to  the  ISC,  and  FDC  and  apply  this  to  the 
pitch  steering  bar  in  the  ADI. 


PfTCH  STEER 
ALT  REF 


Place  a  checkmark  (/)  in  front  of  each  of  the  true  statements  below. 

1,  To  obtain  a  reference  altitude,  the  aircraft  is  flown  to  the 
desired  altitude  and  the  PITCH  STEER  switch  is  positioned 

to  ALT  REF. 

2.  When  using  the  ALT  REF  suboodc,  differential  altitude  signals 
are  applied  to  the  CADC. 

 ^3-         Differential  altitude  signals  are  routed  through  the  ISC  to 

the  TOC  and  applied  to  the  ADI  pitch  steering  bar. 

Answers  to  Fr^me  3:   1»      ^  2*      ^  3. 


2  )9i 
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Frame  5 


Tha  TF  subcode  is  used  when  it  is  necessary  to  fly  at         altitudes • 
This  mode  enables  the  aircraft  to  approach  a  bombing  target  at  minimum 
altitudes*    In  this  mode*  aircraft  altitude  is  referenced  to  ground 
level*    If  ground  elevation  increases  or  decreases*  the  aircraft 
altitude  must  change  proportionally*    The  illustration  below  shows 
an  aircraft  in  the  TF  mode* 


Place  a  checkmark  (/)  in  front  of  each  of  the  true  statements  below, 

__^1*         The  TF  submode  is  used  to  ta^.intain  a  preset  altitude  above 
ground  level* 

 2.         In  the  TF  submode,  aircraft  altitude  is  referenced  to  sea 

level , 

 ^3*         This  mode  enables  the  pilot  to  approach  a  target  at  minimum 

altitude* 

Answers  to  Frame  4:      /  1*  2,      /  3* 


2  }<^r 


Frame  6 


When  the  TF  subujode  is  selected^  information  from  the  terrain  fol- 
lowing radar  (TFR)  is  routed  through  the  ISC  to  the  Pitch  Steering  Bar 
in  the  A0I.    TF  signals  do  not  go  through  the  Flight  Director  Computer* 
If  the  TFR  is  in  the  manual  mode»  che  Pitch  Steering  Bar  provides 
fly  up  or  fly  down  indications  to  the  pilot.    Refer  to  the  illustration 
on  page  4  in  HO  405*    In  the  automatic  iii6de»  TFR  signals  cause  the 
aircraft  to  automatically  fly  up  or  down  to  maintain  a  preset  altitude 
above  ground  level*    Figure  A  in  HO  405  shows  an  aircraft  approaching 
a  mountain^  the  pitch  steering  bar  is  deflected  up  telling  the  pilot 
to  fly  up*    Figure  B  shows  the  aircraft  at  the  top  of  the  mountain 
with  the  AOI  showing  a  steer  down  indication.    Figure  C  shows  that 
the  aircraft  has  leveled  out  with  no  steering  commands  being  indicated 
by  the  ADI* 

Place  a  checkmark  {/)  in  front  of  each  of  the  true  statements  below* 


1. 


2. 


3. 


In  the  TF  submode^  input  signals  to  the  Pitch  Steering  Bar 
are  received  from  the  Central  Air  Data  Computer. 

With  the  Pitch  Steering  switch  in  the  TF  position^  input 
signals  are  not  processed  by  the  Flight  Director  Computer* 

When  the  pitch  Steering  switch  Is  in  the  TF  position^  the 
pilot  can  fly  the  aircraft  manually  or  the  aircraft  can 
hold  a  fixed  position  automatically* 


Answers  to  Frame  5£      /  1* 


2.      /  3. 


2)?3 


Frame  7 


The  Infltrument  set  coupler  ^DE  SEL  switch  provides  a  njaans 
of  selecting  any  one  of  ten  major  modes  of  operation*    In* the  OFF 
position^  the  bank  steering  bar»  glide  slope  pointer  and  warning  flags 
are  biased  out-of-vlew*    The  operation  of  the  pitch  steering  bar  is 
determined  by  the  position  of  tha  PITCH  STEER  switch  on  the  ISQ*  Refer 
to  HO  AOS  page  1  and  2  In  order  to  determine  which  ADI  and  HSX  indicating 
sections  are  being  used  and  what  they  Indicate  in  the  OFF  position* 

Place  a  checkmark  </)  in  front  of  each  of  the  true  statements  below* 

 1.        When  the  MODE  SEL  switch  is  in  the  OFF  position,  no  input 

signals  are  applied  to  tha  Bank  Steering  Bar* 

 Z*        With  the  MODE  SEL  switch  in  the  OFF  position,  the  operation 

of  the  Pitch  Steering  Bar  is  determined  by  the  position  of 
the  PITCH  STEER  switch* 


Answers  to  Frame  6; 


1* 


/2,  /3* 


209. 
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Zooo 

Frame  8 


The  next  position  on  th^  MODE  SEL  switch  is  the  ILS  (Instrument 
Landing  System)  mode.    This  mode  provides  the  capability  of  making 
instrument  approaches  and  landings  on  runways  equipped  with  localizer 
and  glide  slope  radio  receivers*    Refer  to  the  illustration  on  page  6 
in  HO  A05«    The  localizer  and  glide  slope  signals  are  received  by  the 
instrument  set  coupler^  processed  and  sent  to  the  flight  director 
computer*    After  being  processed  by  the  FBC»  these  signals  are  applied 
to  indicating  sections  of  the  ADI  and  HSI« 

Refer  to  HO  405!  pagea  1  and  2  to  determine  which  ABI  and  HSI 
Indicating  sections  are  used  in  the  ILS  mode*    The  illustration  on  page 
5  in  HO  306  shows  a  block  diagram  of  components  used  in  ILS.  Study 
the  inputa  and  outputs  of  each  component « 

Place  a  checkmark  (v^)  in  front  of  each  of  the  true  statements  below* 

 1^         The  ILS  mode  of  operation  assists  the  pilot  in  making 

instrument  approaches  to  runways* 

2*         Signals  from  localizer  and  glide  slope  receivers  are  applied 
directly  to  the  ADI  and  HSI. 

 ^3*         The  Flight  Director  Computer  processes  ILS  radio  signals 

before  they  are  applied  to  the  ADI  and  HSI* 

Answ.  .s  to  Frame  7:      /  1*      /  2* 


2 
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Frame  9 


Localizer  radio  tratLamitcera  are  located  ac  the  far  end  of  the 
run^^^ay.    The  localizer  signals  provide  a  reference  for  aligniiig  che 
aircraft  to  the  centerline  of  che  runway.    Signals  from  the  aircraft 
localizer  receiver  are  applied  to  the  HSI  Course  Deviation  Indicator 
(Cni)  and  to  the  localizer  warning  flag.    The  GDI  indicates  deviation 
to  the  left  or  right  of  the  runway  centerline.    The  localizer  signal 
applied  to  the  localizer  warn:!      flag*  biases  the  flag  out  of  view^ 
Indicatii^g  that  the  deviation  x  laic&tions  are  reliable. 

Study  the  illuacration  on  page  7  of  HO  405.    Notice  the  relation* 
ship  between  the  aircraft  and  localizer  signal  and  miniature  aircraft 
and  CDI. 

Using  the  illustration  on  page  7  of  HO  405  complete,  the  following 
statements  by  underlining  the  correct  responses. 

1.  The  localizer  tranamitter  ie  located  at  the  (near /far)  end 
of  the  ^unway*. 

2.  The  GDI  ia  Indicating  that  the  aircraft  is  to  the  (left/right) 
of  the  rtrnway  centerline. 

3.  The  localizer  warning  flag  ia  indicating  that  the  signal 
is  (reliable/unreliable). 

Answers  to  Frame  8:      /  1.   2*      /  3. 


'Frame  10 

Witfi  the  MODE  SEL  switch  in  the  ILS  position,  localizer  signals 
are  mixed  with  altitude  and  other  pertinent  steering  data  in  the  flight 
direc\,or  computer.    The  FDC  provides  a  localizer  steering  conunand 
signal  which  Is  displayed  on  the  bank  steering  bar  in  the  ADI*  The 
bank  steering  bar  deflects  left  or  rijrht  to  indicate  the  direction  to 
steer  to  the  centerline  of  the  runway.    If  the  aircraft  is  to  the  left 
of  the  runway  centerline,  the  bar  deflects  right.    This  indicates 
that  ^  right  turn  is  necessary  to  get  back  to  the  centerline.  Study 
the  illustration  on  PageiS  of  HOr405. 

Place  a  checkmark  (/)  In  front  of  each  of  the  true  statements  below. 

 ^1,         Localizer  signals  are  applied  to  the  ADI  pitch  steering  bar, 

 2.         The  ADI  bank  steering  bar  indicates  the  direction  to  fly 

in  order  to  get  on  the  runway  centerline. 

 ^3,        When  the  aircraft  Is  to  the  right  of  the  ruuway,  the 

steering  bar  deflects  right. 

Answers  to  Frame  9:    1.    far    2,    right    3,  unreliable 


2  )07 
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Frame  11 


The  glide  slope  transmitter  Is  located  at  the  near  end  of  the 
ruaway.    This  transmits  a  radio  sigaal  ac  an  angle  from  the  end  of 
the  runway*    This  signal  provides  the  pilot  with  a  glide  angle  to  guiJe 
the  aircraft  doim  to  the  runway*    The  glide  slope  pointer  on  the  ADI 
indicates  to  the  pilot  the  relationship  between  his  aircraft  and  the 
glide  slope  slg'hal.     If  the  aircraft  is  above  the  signal,  the  pointer 
moves  below  center. 

Study  the  illustration  on  Page  9  of  HO  405,  notice  the  relation- 
ship between  the  aircraft  and  glide  slope  signal,  and  the  ADI  miniature 
aircraft  and  glide  slope  pointer. 


Using  the  illustration  above,  complete  the  following  statements 
by  underlining  the  correct  responses. 

1*      The  glide  slope  transmitter  is  located  at  the  (far/near)  end 
of  the  runway. 

2»      The  ADI  glide  slope  pointer  is  indicating  that  the  aircraft 
is  (above/below/on)  the  glide  slope  signal. 

Answers  to  Frame  10:         !•      /  2.  3. 


RUNWAY 


GLIO£ 
SLOPE 
POINTER 


SLOPS 

TRANSMITTER 


aooH 

Frame  12 


The  glide  slope  signal  which  i3  applied  to  the  glide  slope  pointer  ' 
is  also  applied  to  the  glide  slope  warning  flag.    The  glide  slope  warning 
flag  will  remain  out  of  view  as  long  as  the  deviation  signal  applied 
to  the  glide  slope  ppinter  Is  providing  a  reliable  indication. 


GUD£ 
SLOP£ 


Place  a  checkmark  (/)  in  fronc  of  each  of  the  true  statements  below. 

 ^1.         Glide  slope  signals  are  applied  to  the  ADI  glide  glope 

pointer  and  glide  slope  warning  flag. 

 2>         The  glide  slope  warning  flag  is  in  view  when  the  glide 

slope  signal  is  reliable. 

Answers  to  Frame  11;    1.    near    2.  above 


2  )[^J 
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Frame  13 


Deviation  data  from  the  glide  slope  signal  is  also  combined 
with  at  Itude  signals  in  the  FDC.    The  resulting  glide  slope  steering 
commands  from  the  computer  are  applied  to  the  pitch  steering  bar. 
If  the  aircraft  Is  above  the  glide  slope  signal,  the  pitch  steering 
bar  deflects  down.    This  Indicates  to  the  pilot  he  must  steer  down  to 
get  back  to  the  glide  slope  signal. 


-RUNWAY  


GUIDE 
TRAKSMITTCR 


Place  a  checkmark  (/)  in  front  of  each  of  the  true  statements  below, 

 1.        The  glide  slope  signal  is  combined  with  heading  signaJ.s 

in  the  FDC. 

 2*         The  computer  signal  applied  to  the  pitch  st*  ^ring  bar 

provides  steer  up  -  steer  down  Indications. 


Answers  to  Frame  12:  /I. 


2. 


Frame  14 

Complete  the  tasks  below*  If  you  miss  any  of  the  'ijuestions, 
retui^n  to  the  appropriate  frame  to  Insure  a  complete  knowledge  of 
the  material  before  concinuing  with  the  text. 


A. 

bel:)w» 


Place  a  checkmark  (/)  In  front  of  each  of  the  true  «ta^.einents 


The  pitch  ste^ir  switch  provides  a  selection  for  ten  major 
modes  of  operation. 

ALT  REF,  TF,  and  OFF  are  the  positions  on  the  PITCH  STEER 
sid^tch. 

^3.         The  ALT  REF  position  Is  selected  when  maintaining  a  pre- 
determined altitude  cibove  sea  level. 

When  in  the  ALT  RSF  position,  the  signals  applied  to  the 
PITCH  STEER  bar  are  being  received  from  terrain  following 
radar  * 

_5,        The  terrain  following  sutoode  Is  used  -when  approaching 

the  target  at  a  preselected  altitude  which  is  referenced 
to  ground  level. 

_6.  With  the  PITCH  STEER  switch  In  the  TF  position,  signals  to 
the  pitch  steering  bar  are  received  from  terrain  following 
radar. 


 7.         The  MODE  SEL  switch  Is  the-  control  used  for  selecting 

submodel  of  operation. 

8.         When  the  MODE  SSL  switch  is  In  the  OFF  Position,  no  Inputs 
are  applied  to  the  bank  steering  bar. 

 ^9.         With  the  MODE  SEL  switch  In  the  OFF  Podition,  operation 

'  of  the  pitch  steering  bar  is  determined  by  the  position 
of  the  PITCH  STEER  switch. 

10.         The  OFF  position  Is  selected  to  allow  command  inputs  to 
operate  both  the  bank  and  pitch  steering  bars. 

B.     Using  the  Illustration  on  Page  lO  of  HO  405  complete  the 
following  statements  by  underlining  the  correct  responses. 


11. 


12. 


13 


In  the  illustration  on  Page  lO  of  HO  405,  the  aircraft  is  to 
the  (right/left)  of  the  localizer  signal. 

The  GDI  is  displaced  to  the  (left/right)  of  the  miniature 
aircraft. 

A  (right/left)  turn  is  needed  to  get  back  to  the  localizer 
signal. 


2001 


U.       The  localizer  transmlcter  Is  located  at  the  (near/far)  eiid 
OE  the  runway. 

15.  In  the  illustration,  the  localizer  warning  flag  Is  Indicating 
that  the  signal  la  (reliable/unreliable). 

fnn™;«    "^^''^  ""^^  illuatracion  on  page  U  of  HO  405,  complete  the 
following  statements  by  underlining  the  correct  responses. 

16.  In  the  illustration,  the  aircraft  is  (above/below)  the  elide 
Slope  signal,  ^ 

17.  The  glide  slope  transmitter  is  located  at  the  (near/far) 
end  of  the  runway. 

18.  In  the  illustration,  the  aircraft  must  fly  (up/down)  to  get 
back  CO  the  glide  slope  signal.  * 

19.  The  glide  slope  pointer  indicates  that  the  aircraft  la 
(below/above)  the  glide  slope  signal. 

20.  The  glide  slope  warning  flag  la  indicating  that  the  glide 
slope  signal  is  (reliable/unreliable). 

Answers  co  Frame  13:  i.       /  2. 


2l 


Frame  15 

The  Airborne  Instrument  Landing  and  Approach  Mode  (AILA)  provided 
the  capability  of  making  Instrument  approaches  and  landings  on  run^rays 
NOT  equipped  with  localizer  and  glide  slope  transmitters^  Simulated 
localizer  and  glide  slope  signals  ara  provided  by  the  bombing-navigation 
and  attack  radar  systems.    Simulated  localizer  and  glide  slope  signals 
operate  the  same  ADI  and  HSI  indicating  sections  used  when  landing  in 
the  ^  LS  inode  of  operation. 

Refer  to  Pages  1  and  2  in  HO  405  to  review  what  signals  are 
applied  to  the  ADI  and  HSI  indicating  sections  in  the  AILA  mode* 

Place  a  checkmark  (/)  in  front  of  each  of  the  true  statements  below* 

1  *         In  the  AILA  mode,  Inputs  co  the  glide  slope  pointer  and 

steering  bars  are  received  from  glide  slope  and  localizer 
receivers. 

 2*         The  AILA  mode  provides  the  capability  of  making  instrument 

approaches  to  runways  equipped  with  localizer  and  glide 
slope. 

 ^3.         Indications  during  the  AILA  mode  are  the  same  as  in  ILS  mode. 

Answers  to  Frame  14: 

A.   ^1.  _/_3,   ^4,      /  5.      /  6.   7.    _/8.    _/J.   ^10. 

B.  11.    right    12.    left    13.    left    14,    far    15.  unreliable 
C»    16.    belpv    17.    near    18.    u£   19.    below    20.  reliable 
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Frame  16 

When  In  the  TACAM  (Tactical  Air  Navigation)  Mode,  the  flight 
director  system  receives  input  signals  from  a  TACAN  radio  transmitter. 
TACAN  signals  enable  the  pilot  to  fly  anywhere  in  the  country  while 
being  provided  with  radio  signals  for  crosa-country  navigation.  TACAM 
radio  transmitters  are  located  throughout  the  country.    These  stations 
transmit  radio  signals  in  all  directions  which  radiate  from  the  station 
(transmitter)  like  the  spokes  of  wheel.    (Refer  to  the  Illustration  of 
Page  12  of  HO  405.)    The  pilot  can  select  and  fly  anyone  of  the  360 
signala  (radlals  or  courses) . 

Place  a  checkmark  {/)  In  front  of  each  of  the  true  statements  below. 

 1*         The  TACAN  Mode  provides  the  capability  for  cross-country 

navigation. 

 2,         TACAH  provides  270  radials  which  can  be  used  as  guides 

for  navigation. 

Answers  co  Frame  15:        1>         2.      /  3. 


II 


Frame  17 


When  using  a  TACAN  station  as  a  directional  reference,  the 
pilot  uses  the  course  set  knob  'to  sec  the  course  counter  and  arrow  to 
the  TACAli  radial  (radio  signal)  he  desires  to  fly.    If  the  aircraft 
Is  on  the  selected  radial,  the  course  deviation  indicator  (CDl)  will 
be  centered*    If  the  aircraft  Is  not  on  the  radial,  the  GDI  will  be 
deflected  to  the  left  or  right*    A  red  alarm  flag  (.deviation  bar 
alarm  flag)  Is  locatsd  under  the  head  of  the  course  arrow*    This  flag 
comes  Into  view  In  event  the  TACAU  signal  is  unreliable  or  the  aircraft 
Is  too  far  from  the  selected  radial*    Study  the  illustration  on  page  13 
In  HO  405* 

Using  the  illustration  on  page  13  In  HO  405 >  complete  the  fol- 
lowing statements  by  underlining  the  correct  responses, 

1*      The  aircraft  is  displaced  to  the  (left/right)  of  the  selected 
TACAN  radial* 

2*      (000/060/075)  is  the  selected  course  set  into  the  course 
counter  * 

3*      The  (CDI/course  arrow)  is  indicating  lateral  displacement 
from  the  selected  radial* 

4*      The  deviation  bar  alarm  flag  is  indicating  a  (reliable/unreliable) 
TACAN  signal* 

Answers  to  Frame  16;      /  1*   2* 


2L;'5 
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Frame  18 

A  TO^'FROM  arrow>  which  is  located  under  the  course  arrow, 
indicates  to  the  pilot  whether  the  aircraft  is  flying  to  or  from 
the  TACAN  station.    When  the  aircraft  la  flying  to  the  station,  the 
TO-FROM  arrow  points  towards  the  course  arrow  head.    When  flying  away 
from  the  station,  the  TO-FROM  arrow  points  towards  the  course  arrow 
tail. 

Refer  to  the  illustration  on  Page  13  of  HO  405 >  locate  the  TO- 
FRO^  arrow  and  notice  che  relationship  between  the  aircraft  and  the 
TACAN  station* 

Complete  the  following  statements  below  by  underlining  the 
correct  responses*    You  may  use  the  illustration  on  page  13  of  HO  405* 

1.  When  flying  to  a  lACAN  station^  the  TO-FROM  arrow  deflects 
(up/down) * 

2.  In  the  illustration^  the  aircraft  is  flying  (to/from)  the 
TACAN  station* 

Answers  to  Frame  17:    1*    left  2.    OOP    3*    CDX    4.  unreliable 


Frame  19 

Relative  bearing  to  a  TACM  station  is  Indicated  by  the  BEARING 
POINTER.    Relative  bearing  Is  the  position  of  the  TACAN  station  in 
relation  to  the  aircraft  direction  of  flight. 

Refer  to  page  14  of  HO  405.    (Hote  the  position  of  the  bearing 
pointer  against  the  compass  card.) 

The  distance  to  the  TACAN  station  is  indicated  by  the  DISTANCE 
COUNTER.    Bearing  and  distance  to  TACAN  are  displaye^:  in  all  modes 
of  operation  if  the  pilot  has  set  in  a  TACAN  frequency  of  a  station. 

Using  the  illustration  on  page  14  of  HO  405^  complete  the  following 
statements  by  underlining  the  correct  responses. 

1.  The  (000/010/040/060)  TACAN  radial  has  been  selected  as  a 
directional  reference. 

2.  The  aircraft  is  displaced  to  the  (left/right)  of  the  selected 
radial. 

3.  The  aircraft  is  (025/075/150)  miles  and  flying  (to/from)  the 
TACAN  station. 

4.  (^OlO/OAO/060)  is  the  relative  bearing  to  the  N  station. 
Answers  to  Frame  18:    1.    up    2.  to 
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7013 

Fratne  20 

The  ADI-Bantc  steering  bar  provides  the  pilot  with  ste&ring  coinmands 
to  maintain  the  selected  course  set  into  the  course  counter  ►    If  r'*a 
aircraft  drifts  to  the  left»  the  bar  deflects  rights  indicating  a 
right^ank  Is  necessary  to  steer  back  to  the  course*    The  course 
vamlng  flag  on  the  ADI  will  come  into  view  in  the  event  the  signal 
is  unreliable. 


I 


Refer  to  Page  1  in  HO  405  to  determine  which  ADI  indicating  sections 
are  being  used  and  what  indications  the  ones  being  used  are  providing* 

Using  the  illustration  on  Page  15  of  HO  405,  complete  the  fol- 
lowing statements  by  underlining  the  correct  responsest 


1*      The  RSI  indicates 

a,  that  the  aircraft  Is  to  the  (left/right)  of  the  selected 
radial, 

b,  (180/200/290/310)  is  the  relative  bearing  to  the  TACAN 
.station. 


c,  (000/030/090/180)  is  the  selected  radial* 

d,  that  the  aircraft  is  (005/025/050/100)  miles  (to/from) 
the  TACAN  station, 

e,  that  the  TACAH  signal  (is/is  not)  reliable. 

f,  The  TO*FR0li  arrow  is  indicating  (to/from)  the  station, 
2,      The  AOI  indicates 

a,  that  a  (left/right)  bank  is  needed  to  fly  back 
to  the  selected  radial « 

b.  that  the  Input  signal  to  the  bank  steering  bar  is 
(reliable/ unreliable) , 

Answers  to  Frame  19:    1,    060    2*    right    3,    075 >  to    4*  040 
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Frame  21 

This  frame  is  a  review  exercise  for  the  TACAN  mode  of  operation. 
If  any  questions  are-missed/ refer  Back  to  the  appropriate  frame  to 
insure  a  complete  understanding  of  the  materials  presented  before 
continuing  with  the  text, 

A,  Place  a  checkmark  (A  in  the  front  of  each  of  the  true 
statements  below, 

1 ,         ihe  TACAN  mode  is  used  primarily  for  landing  on  runways  not 
equipped  with  localizer  and  glide  slope, 

 2*         360  degrees  or  radials  are  provided  with  each  XACAN  station, 

 ^3*         The  direction  the  pilot  desires  to  fly  to  or  from  a  TACAN 

station  musu  be  set  into  the  course  counter, 

 4.        When  in  the  TACAN  mode,  the  course  arrow  is  controlled  by 

a  command  aignaX, 

5 ,         The  course  deviation  indicator,  indicates  deviation  to  the 
left  or  right  of  a  TACAN  radial, 

B.  Using  the  illustration  on  page  16  in  HO  405  complete  the 
following  statements  by  underlining  the  correct  responses, 

6.  In  the  Illustration  on  page  16  of  HO  405,  the  (010/045/090) 
radial  has  been  selected  by  the  pilot, 

7,  The  aircraft  is  to  the  (left/right)  of  the  selected  radial, 

8*       Relative  bearing  to  the  TACAN  station  is  (000/015/030)  degrees, 

9.  Distance  to  the  TACAN  station  Is  (025/050/100)  miles, 

10,  The  TO*FR0M  arrow  is  indicating  that  the  aircraft  is  flying 
(towards/away)  from  the  station. 

Answers  to  Frame  20;    1,    a,    right   b,    290    c,    090    d,    05 0>  from 

e,    is    f ,    from    2,    a,    left    b,  reliable 
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Frame  22 


The  next  moda  to  be  covarad  is  the  Bomb-Navigation  (Bomb/!^av) 
Modft*    This  moda  is  used  to  fly  to  a  precomputed  weapons  (bomb) 
release  point  or  to  a  preselected  destination*    Prior  to  a  flight 
in  ifhich  the  Bomb/Mav  mode  Is  used,  longitude,  latitude  and  other 
iaforraation  pertaining  to  the  departure  point  and  destination  must  be 
fed  into  the  Bomb/Nav  computer*    Daring  the  flight,  the  computer 
monitors  aircraft  speed,  drift,  distance  and  other  information.  By 
constantly  updating  these  data,  the  aircraft  position  in  relation 
to  the  precomputed  course  and  destination  is  always  known* 

Place  a  checkmark  (/)  in  front  of  each  of  the  true  statements  below 

 ^1*         Before  a  Boiiib/15av  flight,  the  flight  director  computer 

must  be  programmed* 

 2*         Pertinent  data  is  constantly  maintained  current  by  the 

Bomb/Nav  computer. 

 3*         The  Bomb/Nav  mode  is  used  during  instrument  approaches. 

Answers  to  Frame  21:   1.      /  2.      /  3.   4.     /  5. 

6.    010    7.    left    8,    030    9,    050   10,  towards 
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Frame  23 


Durlag  a  Bomb/Nav  flight »  Che  heading  sec  knob  and  course 
arrow  are  not  manually  set.    The  heading  marker  and  course  arrow 
are  controlled  by  command  signals  from  the  Bomb/Hav  system.  The 
heading  marker  indicates  Che  computed  course  to  destination  or  target 
(bomb  release  point) .    The  course  arrow  indicates  current  magnetic 
ground  nract.    Magnetic  ground  tract  is  the  direction  the  aircraft  is 
moving  in  relation  to  the  ground.    The  Illustration  on  page  17  of 
HO  405  shows  an  aircraft  with  its  nose  into  the  wind  to  maintain  course. 
Because  the  aircraft  is  on  course^  the  computed  course  indicated  by 
the  heading  marker^  and  ground  tract  indicated  by  the  course  arrow^ 
are  the  same. 

Place  a  checksiark  (/)  in  front  of  each  of  the  true  statements  below. 

 ^1.         In  the  Bomb/Nav  mode^  the  course  arrow  always  indicates 

magnetic  heading. 

 2*         Magnetic  ground  tract  is  always  the  direction  the  aircraft 

is  Eioving. 

 3.         Computed  course  to  destination  is  indicated  by  the 

heading  marker. 

 4.         Controlling  signals  applied  to  the  heading  marker  and  course 

arrow  are  produced  by  the  Bomb/Hav  system. 

Answers  to  Frame  22:   ^1.      /  2*   ^3. 
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Frame  24 


In  the  illustration  on  page  18  of  HO  405,  figure  A  shows  the 
aircraft  on  course  with  magnetic  heading,  ground  tract  and  computed 
course  all  the  same*    Figure  B  shows  that  the.  saise  aircraft  has 
drifted  to  the  right  of  the  course.    The  course  arrow  is  indicating  magnetic 
ground  tract  (the  direction  the  aircraft  is  drifting  due  to  wind). 
The  heading  marker  is  indicating  a  new  computed  course  to  target.  The 
course  deviation  indicator  has  moved  to  the  left  (showing  the  aircraft's 
displacement  from  Che  precomputed  course). 

Refer  to  pages  1  and  2  of  HO  A05  to  determine  what  other  ADI 
and  HSI  indicating  sections  are  being  uaed.    Mote  what  each  indicates 
to  the  pilot. 

Camplete  the  following  statements  below  by  underlining  Che 
correct  responses. 

1.  The  (Course  Arrow/Course  Deviation  Indicator)  indicates  lateral 
drift  from  a  computed  course. 

2.  Whenever  the  aircraft  deviates  from  course,  the  (miniature  aircraft/ 
course  deviation  indicator/course  arrow)  moves  to  the  left  or 
right . 

3.  Signal  reliability  to  the  ADI  is  indicated  by  the  (attitude  warning 
flag/course  warning  flag). 

4.  In  the  Bomb/Nav  mode,  the  ADI  Bank  Steering  Bar  indicates 
(Command  Steer  to  destination/Command  Steer  to  course  line). 

Answers  to  Frame  23;        1.     /  2.      /  3.   ,  ✓  A. 
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Frame  25 


When  in  the  Bomb/Nav  mode,  if  the  aircraft  drifts  off  course 
(as  shown  on  Page  18  of  KO  405)  the  Bomb/Nav  computer  will  compute 
a  new  course  to  target  or  destinatior**      As  the  new  course  is  com- 
puted the  heading  marker  will  indicate  the  new  course.    The  bank 
steering  bar  in  the  ADI  will  deflect,  telling  che  pilot  the  direction 
in  which  to  steer  to  maintain  the  new  course.    The  illustration  on 
Page  19  of  HO  405  shows  the  heading  marker  at  the  new  computed  course 
and  the  ABI  bank  steering  bar  deflected  to  indicate  a  le£t  turn  to 
the  new  course  is  necessary* 

Using  the  illustration  on  Page  19  of  HO  405,  comi>lete  the  fol- 
lowing statements  by  underlining  the  correct  responses. 

1.  When  the  aircraft  drifts  off  course,  it  is  (steered  back  to 
course/flown  on  a  new  course  to  destination), 

2.  In  the  illustration,  the  heading  marker  indicates  the  (old 
computed/new  computed)  course. 

m 

3.  The  bank  steering  bar  indicates  that  a  (left/right)  turn  is 
necessary. 

Answers  to  Frame  24;    1*    Course  deviation  indicator    2*  course 
deviation  indicator*    3.    course  warning  flag    4»    command  steer  to 
destination 
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V 


Fratna  26 

This  frame  is  a  review  exercise  for  the  Bomb/Nav  mode  of 
operation.    If  any  questions  are  missed,  refer  back  to  the  appropriate 
frame  to  insure  a  complete  understanding  of  the  material  presented* 

Place  a  chack  (/)  in  front  of  each  of  the  true  statements  below. 

 ^1-         The  Bomb/Nav  mode  is  used  for  navigation  to  a  bomb  release 

point. 

 2.         When  in  this  mode,  the  course  arrow  and  counter  indicate* 

command  heading. 

 3.         Magnetic  ground  tract  is  displayed  by  the  position  of  the 

course  arrow. 


w 


 ^4.         In  this  mode,  the  heading  marker  cannot  be  manually  set. 

 ^5,         The  course  deviation  indicator  indicates  lateral  drift  from 

a  precomputed  course. 

 6.        The  heading  marker  ifl  controlled  by  signals  from  the  bomb/ 

nav  system. 

 7*         Before  a  Bomb/Nav  mission,  the  flight  director  computer 

must  be  programmed. 

 8.         The  ADI  bank  steering  bar  indicates  the  direction  of  turn 

to  steer  to  destination. 

9.         Whenever  the  aircraft  drifts  off  course,  the  miniature 
aircraft  moves  left  or  right. 

^  10>         Magnetic  ground  tract  is  the  direction  the  aircraft  is 
moving  in  relation  to  the  ground. 

Answers  to  Frame  25 :    1.    floyti^  on  a^  new  course  to  destination 

2.    new  computed    3.  left 
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' Frame  27 


The  course  selecc  navigation  (CES  SEL  MV)  mode  o£  operation 
provides  the  capability  o£  approaching  ^  preselected  destination 
along  a  route  other  than  Che  most  direct.    This  enables  the  pilot  to 
avoid  bail  weather,  obstacles  such  as  mountains,  and  enemy  antiaircraft 
weapons.    The  Illustration  on  Page  20  li:  HO  AOS  shows  an  aircraft 
approaching  a  target,    this  aircraft  la  flying  with  the  mode  switch 
In  CRS  SEL  NAV  and  the  pitch  Jteer  switch  in  the  TF  submode.  Because 
It  Is  necessary  to  approach  the  target  at  a  very  low  altitude,  the 
mountains  must  be  avoided.    An  alternate  route  must  be  selected  that 
will  allot-"  the  aircraft  to  fly  around,  rather  than  over,  the  mountains. 
Refer  to  the  illustration' on  page  20  in  HO  405. 

Place  a  checkmark  (/)  in  front  of  each  of  the  true  statements  below. 

 ^1.         The  CEIS  SEL  NAV  mode  is  used  when  approaching  a  target 

on  the  most  direct  route. 

 ^2.         The  CRS  SEL  NAV  mode  is  used  when  it  is  necessary  to  avoid 

obstacles. 

Answers  to  Frame  26:      /  1.   2*      /  3.      /  4.      /  5.      /  6. 

7.      /  8.         9.      /  10 


2115 


78 


Frame  28 

In  chc  CRS  SEL  NAV  mode  of  operation^  che  course  arrow  and  counter 
are  manually  set  by  the  pilot*    Using  the  course  sec  knob>  che  ptloc 
sees  che  course  arrow  to  an  alternate  course  which  enables  him  to  avoid 
an  obstacle  (mountains*  gun  emplacements*  etc.).    When  the  course  arrow 
has  been  set  to  che  new  desired  course*  che  course  deviation  indicator 
indicates  the  aircraft  displacement  from  the  new  manually  selected  course. 
Refer  to  the  illustration  on  page  21  in  HO  405, 

Ufiing  the  illustration  on  page  21  in  HO  405^  complete  che  following 
statements  by  underlining  the  correct  responses. 

1.  The  precomputed  course  to  destination  is  (000*030*045*060) 
degrees. 

2.  Course  deviation  is  indicaced  by  che  (heading  marker*  course 
arrow*  course  deviation  indicator). 

3.  The  new  desired  course  is  set  by  the  (bomb/nav  signal*  pilot). 
Answers  to  Frame  27;         1.      /  2. 


^  * 
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Frame  29 


The  bank  steering  bar  in  the  ADI  provides  the  necessary  steering 
commands  to  make  good  the  manually  selected  course.    Refer  to  the 
illustration  on  page  22  in  HO  403.    The  illustration  in  the  upper  left 
hand  corner  shows  an  aircraft  in  three  different  positions  (A,  B,  and 
C)  as  it  flies  around  an  obstacle  to  a  target*    Three  groups  of  indi- 
cators are  shown  for  each  aircraft  position  and  are  labeled  A,  B,  and 
C.    The  ADI  and  HSI  labeled  k  show  the  indications  the  pilot  would 
see  when  he  is  flying  in  position  A.    Magnetic  heading  is  043  degrees 
and  he  has  set  Che  course  arrow  to  a  desired  course  of  013  degrees  » 
The  ADI  bank  steering  bar  indicates  a  right  steering  command.  Aircraft 
5  shows  that  the  pilot  has  made  the  turn  and  the  course  deviation 
indicator  shows  that  the  aircraft  is  approaching  the  new  course.  The 
indications  in  C  show  that  the  aircraft  has  m^de  the  turn  and  is 
now  flying  towards  the  target*    All  indicating  sections  are  centered 
at  the  top  lubber  line. 

Place  a  checkmark  (/)  in  front  of  each  of  the  true  statements  below* 
Refer  to  page  22  in  HO  403  . 

 1.        The  bank  steering  bar  in  figure  A  indicates  that  a  left 

bank  is  necessary » 

 2*         Figure  B  indicates  a  left  bank  is  necessary. 

 ^3.         Figure  C  indicates  that  the  aircraft  is  to  the  right  of 

course. 

Answers  to  Frame  28;    1.    060    2.    course  deviation  indicator 
3.  pilot 
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rrame  JU 


The  Manual  Heading  (MAN  HDG)  mode  is  used  when  the  pilot  elects 
to  fly  the  aircraft  without  the  aid  of  Bomb/Nav  signals  applied  to 
the  heading  marker.    In  this  mode  of  operatior^  t.    pilot  uses  the 
heading  set  knob  to  control  the  position  of  the  h<^  :ing  marker.  The 
heading  marker  is  set  to  the  heading  that  the  pilot  desires  to  fly. 
By  steering  the  aircraft  until  the  heading  marker  Is  at  the  top  lubber 
line*  the  aircraft  is  turned  to  the  new  desired  heading.    Study  the 
illuscration  on  page  23  In  HO  ^05, 

Using  the  illustration  on  page  23  in  HO  405^  complete  the 
following  statements  below  by  underlining  the  correct  responses* 

1.  In  figure  A*  the  current  magnetic  heading  Is  (000*  045*  090)  degrees. 

2.  The  pilot  uses  the  (HDG  set  knob*  course  set  knob). 

3*      The  pilot  has  set  his  desired  heading  to  (000*  045*  090)  degrees. 

4*      By  steering  the  heading  marker  to  the  top  lubber  line*  the 
aircraft  wiXX  be  flying  (Pig  B)  (000*  045*  090)  degrees* 

Answers  to  Frame  29;        It      /  2*  3* 
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Frame  31 


When  In  the  Manual  Heading' mode »  and  the  Bomb/Nav  system  is  in 
operation,  the  course  arrow  CANNOT  be  manually  set.    The  Bomb/Nav 
signal  applied  to  the  course  arrow  will  cause  It  to  indicate  current 
magnetic  ground  tract.    Refer  to  the  Illustration  on  page  2A  o£  HO 
405*    The  pilot  has-  set  the  heading  marker  to  080  degrees  on  the  com- 
pass card.    This  heading  steers  the  aircraft  nose  Into  the  wind 
sufficiently  to  eliminate  drift.    This  causes  the  aircraft  to  move 
in  the  direction  the  pilot  desires  to  fly.    At  this  time,  magnetic 
ground  tract  is  the  direction  the  pilot  desires  to  fly.    The  course 
counter  provides  a  digital  readout  of  the  current  ground  tract » 

Place  a  checkmark  </)  In  front  of  each  of  the  true  statements  bel 

 1.         The  Bomb/Nav  system  cannot  control  the  course  arrow  when 

the  flight  director  system  is  in  the  HAN  HDG  mode. 

 ^2.         When  in  the  Manual  Heading  mode,  it  Is  possible  for  the 

course  arrow  and  counter  to  indicate  current  ground  tract* 

 ;^3.         The  course  counter  provides  a  digital  readout  of  aircraft 

ground  tract. 

Answers  to  Frame  30 (    1.    045    2.    HDG  set  knob    3.    090    4.  090 
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Frame  32 

If  the  Bomb/Nav  system  is  inoperatlvei  the  course  set  knob  Is 
used  to  set  the  desired  heading  into  the  course  select  window ♦  This 
provides  a  digital  readout  of  the  aircraft  magnetic  heading,  and 
will  have  the  heading  marker  and  course  arrow  aligned.    Aligning  the 
heading  marker  and  course  arrow  reduces  the  possibility  of  heading 
confusion.    Refer  to  pages  1  and  2  of  HO  405  to  review  which  ADI 
and  HSI  indicating  sections  are  used  In  tha  MAN  HDG  mode,  and  what 
they  indicate  to  the  pilot. 

Place  a  checkmark  (/)  in  front  of  each  of  the  true  statements  below, 

 1*         The  course  arrow  can  be  manually  set  when  the  Bomb/Nav 

system  is  not  operating, 

 ^2,         With  the  course  arrow  set  to  desired  heading,  the  heading 

marker  and  course  arrow  should  Indicate  the  same. 

Answers  to  Frame  31:         1,      /  2,      /  3, 


Frame  33 


When  the  pilot  sets  the  heading  marker  to  any  desired  heading 
other  than  the  current  magnetic  headings  a  heading  error  signal  is 
generatad  in  the  HSI.    This  signal  is  sent  through  the  FDC  and  ISC 
to  the  ADI.    This  signal  is  applied  to  the  ADI  bank  steering  bar  to 
provide  steering  commands.    The  steering  pointer  aids  the  pilot  in 
steering  the  aircraft  to  the  desired  heading  which  the  heading  marker 
has  been  set  to  on  the  compass  card.    The  illustration  on  page  25  of 
HO  A05  shows  the  heading  error  output  from  the  HSI  being  applied 
to  the  FDC  and  to  the  ADI  bank  steering  bar. 

Place  a  checkmark  (/)  in  front  of  each  of  the  true  statements  below. 

 ^1.         Heading  error  signals  are  produced  by  the  HSI  when  the 

HOG  marker  is  at  the  top  lubber  line* 

2*         Heading  error  is  processed  in  the  bomb/nav  system  before 
being  applied  to  the  ADI. 

 ^3,         Signals  applied  to  the  bank  steering  bar  assist  in  keeping 

the  aircraft  on  the  desired  heading. 

Answers  to  Frame  32:      /  1.      /  2. 
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Frame 

thl3  fraae  la  s  review  exercise »  answer  the  questions  below  and 
check  your  responses.    If  any  questions  are  missed,  return  to  the 
sppropriate  frame  to  Insure  a  complete  knowledge  of  the  materials 
presentad.    When  you  are  sure  you  have  a  complete  understanding, 
continue  with  the  text. 


I  a; 

4"i 


Match  the  mode  or  submode  of  operation  In  Columit  II  to  Its  purpose 
In  Column  I.    Flace  the  appropriate  letter  from  Column  II  In  the  space 
provided  In  Column  I. 


Column  I 

Column  II 

 ^1. 

Enables  a  change  from  a  computed 
course  to  a  manually  selected 
alternate  course. 

a. 
b. 

Altitude  reference 
Terrain  following 

 2. 

Used  for  landing  on  runways 
equipped  with  localizer  and 
glide  slope. 

c. 
d. 

Mode  select  "OFF*' 
ILS 

ECeepa  the  aircraft  at  a  pre- 
salectad  altitude »  above  sea 
level. 

e. 
f. 

AILA 
TACAN 

 ^4. 

 ^5. 

Ujsad  when  tadlo  signals  or  bomb/ 
nav  are  not  available. 

Holdd  the  aircraft  at  a  pre- 
selectad  altitude  above  ground 
level. 

g- 
h. 
i. 

Bomb /Nav 

CRS  SELECT  ITAV 

MAN  HD6 

 6. 

Used  whan  landing  on  runways  tTOT 
equipped  with  localizer  and  glide 
slope  transmitters. 

 7. 

Used  when  flying  to  a  preselected 
bomb  release  point. 

 8. 

This  mode  biases  the  bank  steering 
bar  out  of  view. 

 9. 

Uses  radio  signals  for  cross  country 
navigation  where  ground  transmitters 
are  provided. 

10. 

Used  when  making  low  altitude 
approaches  to  a  target. 

Answers 

to  Frame  33:   1.   2.      /  3. 
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Frame  35 

The  COURSE  LIHE  STEERING  (CRS  LINE)  mode  of  operation  provides 
most  of  the  same  indications  as  the'Bomb/Nav  mode.    When  flying  in 
the  Bomb/Nav  mode,  if  the  aircraft  drifts  off  course,  the  bank  steering 
bar  will  steer  the  aircraft  on  a  new  (shortest)  course  to  destination. 
In  the  CRS  LINE  mode,  steering  infonnacion  on  the  bank  steering  bar 
provides  steering  commands  which  will  steer  the  aircraft  back  to  the 
original  precomputed  course  (NOT  destination)  by  the  shortest  route. 
The^ illustration  on  page  26  of  HO  405  shows  an  aircraft  off  course 
and  cAe  direction  the  pilot  must  fly  to  get  back  to  the  course. 


Place  a  checkmark  (/)  in  front  of  each  of  the  true  statements  below. 

^1.         The  ADI  and  HSI  provide  all  the  same  indications  in  the 
CRS  LINE  mode  as  in  the  Bomb/Nav  mode* 

2,         In  the  CRS  LINE  mode,  steering  information  directs  the 
aircraft  back  to  the  precomputed  course. 

_3.         In  the  Bomb/nav  mode>  steering  commands  direct  the  aircraft 
to  the  destination. 


Answers  to  Frame  34;     h  1.       d  2.  a  3. 

e  6 .  g  7 .  c  8 .  f  9 .  b  10 . 


i  4. 


b  5. 
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Frame  36 

The  final  mode  to  be  covered  is  Tanker  Rendezvous  (TKR  RV).  This 
mode  position  ii  used  to  steer  the  aircraft  to  a  refueling  tanker. 
In  this  mode,  tlie  heading  marker  is  controlled  by  a  signal  from  the 
attack  radar  set*    The  position  of  the  heading  marker,  against  the 
compass  card,  provides  the  pilot  with  a  bearing  indication  to  the  tanker 
aircraft*    Refer  to  the  illustration  oii  page  27  of  HO  405*    Note  the 
position  of  the  aircraft  in  relation  to  the  tanker  and  the  position  of 
the  heading  marker  against  the  compass  card. 

Place  a  checkmark  (/)  in  front  of  each  of  the  true  statements  below* 

 1.         TKR  RV  provides  steering  capability  to  a  tanker  for  air 

refueling* 

 2*         In  this  mode,  the  heading  marker  Is  driven  by  a  signal  from 

the  navigation  computer* 

 ^3,         Bearing  of  the  tanker  is  indicated  by  the  heading  marker, 

 4*         The  pilot  must  set  the  heading  marker  to  his  desired  course 

to  the  tanker* 


Answers  to  Frame  35 : 


1.      /  2.      /  3. 


Frama  37 

In  TKR  RV  mode,  both  b?nk  and  pitch  steering  bars  on  the  ADI 
are  uaed*    A  heading  error  signal  Is  fed,  from  the  attack  radar, 
to  the  flight  director  computer*    The  FDC  sends  this  signal  to  Che 
ADI  bank  steering  bar*    The  bank  steering  bar  Indicates  the  necessary 
commands  to  steer  the  aircraft  to  the  tanker.    The  pitch  steering  bar 
will  Indicate  the  necessary  pitch  steering  correction  to  fly  to  the 
same  altitude  as  the  tanker*    Refer  to  pages  1  and  2  In  HO  405  to 
determine  what  the  remaining  ADI  and  HSI  Indicating  sections  indicate 
to  the  pilot* 

Place  a  checkmark  i^)  In  front  of  each  of  the  true  statements  below, 

 ^1*         The  bank  steering  bar  Is  biased  out  of  view  in  the  TKR  RV 

mode* 

 2*         In  this  mode  the  course  deviation  Indicates  lateral  drift 

from  the  computed  course* 

 ^3*         The  pitch  steering  bar  Is  used  to  fly  to  the  canker  altitude. 

Answers  to  Frame  36:      /l,         2*      /3*  4* 


2 


L2o 
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Frame  38 

This  frame  is  a  review  exercise;  answer  the  quescions  and  check 
your  responses.    If  any  questions  are  missed ,  return  to  the  appropriate 
frame  to  insure  a  complete  knowledge  of  Che  material  presented* 

A.      Complete  the  following  statements  by  underlining  the  correct 
responded. 

1.  The  pitch  steer  switch  is  a  (one/two/three)  position 
switch* 

2.  The  pitch  steer  switch  provides  pitch  steering  in 
(major  modes /submodes)  of  operation* 

3.  The  (ALT  REF/TF)  submode  is  used  holding  a  fixed  altitude 
above  ground  level . 

4*      The  (ALT  REF/TF)  submode  la  referenced  to  sea  level* 

5*     The  (mod^  select  switch/pitch  steer  switch)  determines 
the  operation  of  the  pitch  steer  bar* 

6*      When  making  approaches  to  runways  equipped  with  glide 
slope  and  localizer,  the  pilot  would  select  the 
(ILS/AILA/TACAN)  mode  of  operation. 

7.  The  (TACAN/BOHB  KAV/CRS  LUE)  mode  is  used  for  cross 
country  navigation  using  radio  signals  as  directional 
references  * 

8.  When  it  is  necessary  for  the  aircraft  to  avoid  obstacles, 
the  pilot  would  select  the  (BOMB  NAV/MAH  HDG/CRS  SEL 
NAV)  mode  of  operation* 

9*     When  flying  to  a  bomb  release  point  and  no  deviations 
from  the  precomputed  course  are  necessary,  the  (BOMB 
NAV/CRS  LINE/CRS  SEL  NAV)  mode  would  be  selected. 

10*     When  flying  with  no  radio  or  navigation  signals  needed, 
the  pilot  would  select  the  (BOMB  ffAV/CRS  LINE/HAN  HDG) 
mode  of  operation* 


89 


u.      Match  the  ADI  and  HSI  Indicating  sections  to  the  Indication 
It  provides  by  placing  the  approprl^ite  letter  from  Column  11  In  the 
spaces  provided  In  Column  1/ 


Column  I 

^1.         Indicates  magnetic  heading  In 
all  modes  of  operation* 

^2*         Is  manually  set  to  a  runway 
heading  when  landing* 

_3*        Moves  to  the  course  arrow 
tail  when  the  aircraft  Is 
flying  away  from  a  TACAH 
station* 

_4*         Indicates  computed  course 

when  the  mode  SEL  SWITCH  Is 
In  a  bombing  mode* 

_5*  Is  controlled  by  a  signal 
transmitted  from  the  near 
end  of  the  runway* 

_6*         Indicates  bearing  to  a 
TACAN  station* 

 7*        Provides  nose  up,  nose 

down  steering  commands* 

_8*  '      Indicates  the  bearing  to 

a  tanker  when  the  mode  SEL 
SWITCH  Is  In  TKR  RV* 

_9*         Indicates  lateral  deviation 
from  a  precomputed  course* 

^0.        Provides  left  or  right 
steering  commands  for 
maintaining  a  coursa* 


Columa  II 

a*     BanV  steering  bar 

b*      Bearing  pointer 

c*     Compass  card 

d*     Course  arrow  and 
counter 

e*      Course  deviation 
Indicator 

f*  Glide  slope  pointer 

g*  Heading  marker' 

h*  Pitch  steering  bar 

1*  TO-FROM  arrow 


Answers  to  Freme  37; 


1* 


2*      /  3* 
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FOREWORD 

This  handout  was  designed  for  use  in  the  iABR32531>  Avionics  Instru- 
ment Systems  Specialist  course,  and  the  3ABR32632B,  Integrated  Avionic 
Systems  Specialist  course*    The  schematic  diagrams  in  this  handout 
support  the  programmed  texts  and  workbooks  for  the  Flight  Director 
System,    The  diagrams  will  be  used  by  the  students  as  directed  by  the 
instructor. 


Supersedes  3ABR32531-HO-406A,  3ABR3i  .32B-HO-407A,  3  February  1976* 
OPR:    3360  TTG 
DISTRIBUTION:  X 

3360  TTGTC-W  -  200;  TTVSR  -  1  l>  t  n  ^ 
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Figure  X*  Section  2 
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3ABK32531-WB-404 
3ABR32632B-WB-504 


FLIGHT  DIRECTOR  SYSTEM 

OBJECTIVES 

Given  a  workbook  and  trainer^  perform  an  inspection  and  opera- 
tional check  of  the  Flight  Director  System  with  a  minimum  of  100% 
accurate  workbook  responses. 

Givf:n  a  workbook*  test  equipment  and  trainer,  troubleshoot  the 
Flight  Director  System  with  a  minimum  of  80%  accurate  workbook  responses. 

Given  a  workbook,  test  equipment  and  trainer,  bench  check  com|>onents 
of  the  Flight  Director  System  with  a  minim\!m  of  80%  accurate  workbook 
responses . 

NOTE:    Students  enrolled  in  the  3ABR32632B«  Integrated  Avionlc 
Systems  Specialist  Course  will  complete  ONLY  the  first  two  (2) 
objectives  as  listed  above.    Students  enrolled  in  the  3ABR32531f 
Avionics  Instrument  Systems  Specialist  Course,  will  complete  all 
listed  objectives. 

ItlSTRUCTIONS 

The  laboratory  instructor  will  supply  you  with  the  materials  required 
to  complete  the  appropriate  sections  of  this  workbook.    Take  your  time 
DO  NOT  RUSH.    If  you  have  any  difficulties  with  any  part  of  this  workbook 
ask  your  instructor  for  assistance.    DO  NOT  attempt  any  step  that  you  do 
not  understand  until  you  check  with  the  instructor. 

EQUIPMENT 

Basis  of  Issue 
Auxiliary  Flight  Reference  Trainc^r  l/student 
Schematic  Diagrams  (FligUt  Director  SyQ)l/student 
^/orkbook  3ABR32531-WB-406  l/student 
Multimeter  AN/PSM-6  l/student 
ASM-159  Test  Set^  Nav.  Subsystem  l/student 
HSI  l/student 

PROCEDURE 

Due  to  the  limited  number  of  trainers^  you  may  have  to  work  with 
an  assistant  during  operational  procedures.    After  completing  the  pro- 
cedures once,  you  and  your  assistant  will  change  positions  so  that  each 
will  operate  the  controls  and  each  will  observe  the  indications  and  note 
the  malfunctions.    Record  your  results  in  the  spaces  provided^  and  indicate 
if  the  checks  were  satisfactory  or  unsatisfactory.    This  workbook  will  be 
checked  by  your  instructor.    REMOVE  ALL.  JEWELRY! 

1*  INSPECTIOtl: 

a*      Inspect  the  trainer  for  damage  or  missing  components «  discon** 
nected  or  damaged  plugs  or  wiring.    List  any  discrepancy  found 
during  the  inspection  below* 


Supersedes  3ABR32531-WB-404*  3ABR32632B-WB-504 ,  20  June  1977* 
OPRt    3360  TCHTG 
DISTRIBUTION:  X- 
3360  TCHTG/tTGU-F  -  250;  TTVSA  -  1      2  ^  ^4 


Noce:    The  silhouette  scand  Is  an  outline  of  the  aircraft  and 
contains  the  Rate  Gyroscope  Transmitter,  Displacement  Gyroscope^ 
and  Remote  Compass  Transmitter* 

b«      To  ensure  smooth  operation  of  the  silhouette,  loosen  the  hodlng 
knobs  beneath  the  silhouette  stands  and  move  the  silhouette 
through  pitchy  roll»  and  aziimith«    Using  the  bubble  level 
provided  on  the  silhouette^  level  the  silhouette  and  tighten 
the  holding  knobs* 

Note:    Inform  your  instructor  of  any  binding  that  occurs  when  che 
silhouette  Is  used«    CAUTION:    DO  NOT  rotate  the  silhouette  more 
than  360  degrees  CW  or  CCH  because  damage  may  result  to  the 
electrical  wiring* 

Z.      INITIAL  SWITCH  SETTINGS: 

a*~^  Insure  that  the  trainer  power  switches  are  in  the  OFF 
posit Ion « 

Note:    All  synchro  settings  will  be  made  using  the  OUTER  RING« 
DO  NOT  use  the  center  knob«    Using  the  center  knob  causes 
misalignment  and  places  error  into  the  system* 

b«      Initial  setting  of  slinulator  control  panel  on  rear  of  cralner« 


COMTROL  POSITION 

Pull  Up  Switch  OFF 

Prl*  Att*  Good  OFF 

Flag  Control  OFF 

AFRS  Switch  NORMAL 

Slinulated  Beam  Sensor  OFF 
Trip  Switch 

CAOC  Good  Switch  GOOD 

TF  Transmitter  Good  GOOD 
Switch 

Pitch  or  Climb/Dive 
Steering  Control 


PURPOSE  AND  USE 

Applies  28V  DC  pull  up  signal  to 
ISC  for  weapon  control  simulation* 

Provides  for  NCU  input  for  reference 
system  operation*    Switch  in  OFF 
position  sljimlates  a  primary 
navigational  system  malfunction* 

Controls  power  co  the  vertical 
steering  pointer  and  course 
deviation  bar  off  flags* 

Simulates  malfunction  of  AUX  ATT 
caution  lamp* 

Simulates  beam  sensor  trip 
signal  from  converter  set* 

Switch  in  ON  position  provides 
signal  of  central  air  data 
computer  good* 

Simulates  TF  XMTF,  signal  from 
TF  receiver* 


FULL  COUNTER  -Simulates  pitch  attitudes  and 
CLOCKWISE        direction  from  weapons  system 
and  terrain  following  radar* 

3 
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Picch  or  Climb/Dive 
Steering  Switch 


POSmOH  PURPOSE  AND  USE 

UP        Same  as  above* 


Horizontal  Steering 
Control  I&iob 


Horizontal  Steering 
Switch 

Course  Deviation 
Bar  Control 

Courae  Deviation 
Bar  Svltch 

Target  Bearing 
Synchro 


Magnetic  Course 
Angle  Synchro 


True  Ground  Track 
Synchro 


Magnetic  Variation 
Synchro 


CADC  Altitude 
Error  Synchro 


Pitch  and  Tilt 
Synchro 


Tacan  Distance 
Measuring  Hundreds 
Synchro 

Tacan  Tena 
Synchro 


Tacan  Units 
Synchro 


FULL  COUNTER-  Simulates  azimuth  steering  outputs 
CLOCKWISE  from  navigation  computer  unit. 

Controls  magnitude  and  direction 

of  output  to  ISC. 


RIGHT        Same  aa  above* 

FULL  COUNTER-    Simulates  course  deviation 
CLOCKWISE  signal  from  converter  set  to  ISC. 


RIGHT 


Same  as  above. 


ZERO  (adjust 
outer  ring 
only) 

ZERO  (adjust 
outer  ring 
only) 

ZERO  (adjust 
outer  ring 
only) 

ZERO  (adjust 
outer  ring 
only) 

ZERO  (adjust 
outer  ring 
only) 

ZERO  (adjust 
outer  ring 
only) 

ZERO  (adjuat 
outer  ring 
only) 

ZERO  (adjust 
outer  ring 
only) 

ZERO  (adjust 
outer  ring 
only) 


Simulates  target  bearing  Inputs 
to  HSX  from  attack  radar  system* 


Simulates  magnetic  course  angle 
from  converter  set* 


Simtilates  inputs  In  conjunction 
with  magnetic  variation  to  provide 
ground  course  to  HSI. 

Simulates  magnetic  variation 
Inputs  to  HSI. 


Simulates  altitude  error  signals 
from  central  air  data  computer* 


Slmulatas  pitch  and  tilt  input 
signals  to  ISC  icom  attack  radar 
system* 

Simulatas  distance  to  or  £rom 
the  selected  TACAN  station  input 
signals  to  both  the  HSI  and  BDHI. 


Same  as  above* 


Same  as  above. 


CONTROL 


Valid  Switch 


Tacau  Beitrlng 
Synchro 


To-From  Switch 

Tacan  or  Localizer 
Deviation  Control 

Left-Right  Switch 

Flag  Switch 

Glide  Slope  Devia-* 
tion  Control 

Up-Down  Switch 

Flag  Switch 

Tirouble  Switches 


POSIIIOH 
OFF 


ZERO  (adjust 
outer  ring 
only 

TO 


PURPOSE  AND  USE 


Simulates  valid  input  to  the  HSI 
and  BDHI.  - 

Slmulateri  buarinfi  to  or  from  the 
selected  TACAN  Htntlon  Inputs  to 
HST  0n<]  BD1IN 

Simulates  bearing  to  or  from  the 
selected  TACAN  station  Inputs  to 
HSI  and  BDHI< 


FULL  COUNTED-  Simulates  deviation  (left  or  right) 

CLOCKWISE  inputs  and  flag  position  to  ADI, 

RIGHT  Same  as  above* 

OFF  Same  as  above* 

FULL  CLOCK-  Simulates  dev^^ition  from 

WISE  glide  slope* 

UP  Same  as  above* 

OFF  Same  as  above* 

OUT  Simulates  trouble  in  the  system* 


Initial  setting  of  pilot's  instrument  panel  controls. 


CONTROL 

LOCATION 

POSITION 

Mode  Selector 

Instrument  Set 
Coupler 

OFF  (push 

Pitch  Steer  Switch 

Instrumert  Set 
Coupler 

OFF 

Fit.  Inst*  Ref* 

Misc*  Switch 
Panel 

AUX 

Course  Set 

HSI 

000 

Gyros  Switch 

Ground  Check  Panel 

OFF 

Mode  Selector 

Compass  System 
Controller 

Slaved 

Latitude  Select 

Compass  System 
Controller 

40  degrees 

Hemisphere  Switch 

Compass  Systaa 
Controller 

N 

COOTROL 
Pitch  Trim  Knob 

Pitch  Ttim  Khob 

Radar  Alt.  Svitch 


LOCATION 


ADI 


SAI 


Above  tUsc. 
Switch  Panel 


POSITION 

Center  (arrow  to  white 
dot) 

Center  (arrow  to  white 
dot) 

OFF 


llote:    Report  any  unsatisfactory  results  to  your  instructor 
immediately . 

3.      INITIAL  OPERATIONAL  CHECK  PROCEDURES: 

a.  Qisure  all  switches  and  synchros  are  in  the  prescribed 
positions.    (Completion  of  Lnitial  Switch  Setting  list) 

b.  Power: 

(1)  Connect  113V  AC»  400Hz»  30  and  28V  DC  power  cables  to 
the  outlets  suspended  from  the  ceiling. 

(2)  Turn  power  switches  ON  and  observe  that  the  AC  and  DC 
power  lamps  are  illuminated. 


Besults  of  Check 

S 

u 

Note:    Steps  3  and  4  are  timed  items. 

(3)    To  apply  power  to  the  Auxiliary  Flight  Reference 
System»  position  the  CYROS^FF  switch  to  GYROS. 
Observe  that  the  AUX-^ATT  lamp  on  the  caution  light 
panel  is  lighted  and  the  ADI  and  SAI  off  flags  are 
in  view.    The  OFF  flag  on  the  BCHI  shall  go  out  of 
view  within  15  seconds  after  the  GYRDS-OFF  switch 
is  positioned  to  GYROS. 


Results  of  Clieck 

S 

(4)    Wait  two  minutes  for  the  system  to  stabilize.  Observe 
that  within  two  minutes  the  AUX  ATT  lamp,  on  the  caution 
panels  goes  out  and  the  ADI  and  SAI  off  flags  go  out  of 
view* 


Fast  erection. 


Results  of  Check 

3 

U 

(1)    Depress  and  hold  the  FAST  ERECT  switch,  on  the 
miscellaneous  display  panQl.f  r\  ^ 


(2)    Observe  the  ADI,  SAI,  and  AUX  ATT  lamp,  on  the  caution  ^^^l 
panel.    The  off  flags  shall  come  into  view  and  the 
AUX  ATT  lamp  shall  light,  


Results  of  Check 

S 

U 

(3)  Release  the  FAST  ERECT  dultclu 

(4)  The  off  flags  on  the  ADI  and  SAI  shall  disappear  and 
the  AUX  ATT  lamp  shall  go  out. 


Results  of  Check 

S 

4.      FLIGHT  DIRECTOR  SELF  TEST  CHECKS: 
a.      ALT  REF  self  test: 

(1)  Move  the  Hode  Selector,  on  the  ISC,  Alt  Ref,  and 
INSTR  TEST  switches  to  the  positions  given  In  Figure  1* 

(2)  Indicate  If  the  checks  are  satisfactory  or  unsatisfactory* 

(3)  When  you  have  completed  all  the  checks  given  in  Figure  1, 
return  all  switches  to  their  original  positions  given 

In  Step  2b. 


ISC  SWITCH  POSITION 

INSTR 
TEST  SWITCH 

ADI  DISPLAY 
PITCH  STEERING  BAR 

RESULTS 
S  1  U 

MODE 
SEL 

PITCH  STEER 
ALT  REF 

OFF 

Engaged 

Not  engaged 

In  view  and  center€£ 

OFF 

Engaged 

Engaged 

Deflects  approx  1 
inch  upward 

ILS 

Engaged 

Not  engaged 

In  view  and  centered 

AILS 

Engaged 

Not  engaged 

In  view  and  centered 

TACAN 

Engaged 

Not  engaged 

In  Viet/  and  centered 

CRS  SEL  NAV 

Engaged 

Not  engaged 

In  view  and  caitered 

BOMB/KAV 

Engaged 

Engaged 

Deflects  approx  1 
inch  usward 

CRS  LIlfE 

Engaged 

Not  engaged 

In  view  and  centered 

MAN  CRS 

Engaged 

Not  engaged 

In  view  and  centered 

HAN  HS6 

l&gaged 

Engaged 

Deflects  approx  1 
inch  upward 

TKR  RV 

Drops  to 
OFF 

Not  engaged 

In  view  and  centered 

Figure  1.    Alt  Ref  Self  Test, 
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OFF  mode  self  Cest: 

<1)    For  chis  tesc  the  ISC  mode  selector  will  remain  in  Che 
OFF  position* 

Note**  After  th^  next  two  st^ps  are  complaccdt  tUoBC  contlLtLons  ' 
will  remain  the  same  for  the  rest  of  the  self  tests  and  operational 
checks* 

(2)    Place  the  Compass  System  Controller  to  DG* 

<3)    Depress  and  rotate  the  HDG  Set  knob  on  the  Cdmpass  System 
QsntroUer  until  the  heading  marker  is  under  the  upper 
lubber  line* 

<4)    Observe  the  Indications  given  in  Fdgure  2  on  the  ADI 
and  HSI* 

Note:    Check  the  ADI  and  HSI  before  and  during  each  test,  During 
test  means^  depressing  the  IHSTR  test  switch  on  the  Ground  Check 
Panel  and  observing  the  pointer  deflection,  if  any»  on  the  ADI 
and  HSI* 


HSI 

4 

ADI 

t 

DISPLAY 

BEFORE 

DimiKG 

S 

U 

DISPLAY 

BEFCRE 

DURING 

S 

U 

TEST 

TEST 

TEST 

TE5T 

Coursa  Dav 

Centered 

Cencerec 

Bank  Steer 

Out  of 

Out  of 

Bat 

Bar 

view 

view 

Dav  Bar 

Out  of 

Out  of 

Course 

Out  of 

Out  of 

view 

vlev 

Warning 

view 

view 

Flag 

Glide  Slope 

Out  of 

Out  of 

Pointer 

view 

view 

Glide  Slope 

Out  of 

Out  of 

Warning 

view 

view 

Flag 

Pitch  Steer 

Out  of 

Out  of 

1  Bar 

view 

view 

Figure  2*    OFF  Mode  Self  Test* 
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c*      ILS  self  test* 

(1)  Place  ISC  inode  selector  to  ILS* 

(2)  Turn  the  glide  slope  deviation  control  knob,  on  the 
siiiulator  panel,  full  counterclockwise. 

(3)  Check  the  HSI  and  ADI  displays,  as  given  in  Figure  3, 
before  and  during  the  test. 

Note;    After  you  have  completed  the  checks  given  in  Figure  3, 
return  the  glide  slope  deviation  control  knob  to  the  full 
clocWise  position* 


HST 

ADT 

Dispuy 

TEST 

DURING 
ISST 

S 

u 

Dispur 

BEFQBB 
TEST 

DURING 
T!EST 

S 

u 

Course  Dev 
Bar 

Centeored 

IWo  dots 
right 

Sank  Steer 
Bar 

Centered 

Defiecis  '\ 
inch  right 

Dev  liar 
Alarm  Flag 

In  view 

Out  of 
view 

Course 

Warning 

Flag 

In  view 

Out  of 
view 

Glide  Slope 
Pointer 

Centered 

Two  dots 
down 

Glid^*  Slope 

Vaming 

Flag 

In  view 

Out  of 
view 

Pitch  Steer 
Ear 

Out  cf 
view 

Out  of 
view 

Figure  3,    ILS  Self  Test. 
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^19/ 


d*     TACAM  self  teat* 

(1)  Place  the  ISC  mode  selector  to  TACAN* 

(2)  Check  the  HSI  and  ADI  dls.-Uys,  as  given  in  Figure  4, 
before  and  during  test« 


HSI 

ADI 

DISFUT 

BEFORE 
TEST 

DURING 
TEST 

S 

I 

DISPUY 

BEFORE 
TEST 

DURING  * 
TEST 

S 

u 

Coursa  Dav 
Bar 

Centered 

TWo  doti 
right 

1 

Bank  Steer 
Bar 

Centered 

Deflects 
about  1/2 

l^iRht 

D«7  Bar 
Alarm  Flag 

In  view 

Out  of 
viaw 

Course 

Wamlns 

Flaft 

In  view 

Out  of 
view 

Glide  Slope 
Fointi;r 

Out  of 
view 

Out  of 
view- 

Glide  Slope 

Warning 

Fla2 

Out  of 
view 

Out  of 
view 

Pitch  Steer 
Bar 

Out  of 
view 

Out  of 
view' 

FlSure  4.    TACAN  Self  Test. 
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e.      MAN  HDG  self  test. 

(1)  Place  the  ISC  mode  selector  to  MAN  HDG*  ^ 

(2)  Check  the  HSI  and  ADI  displays,  as  given  in 
Figure  5,  before  and  during  test,- 

(3)  After  completion  of  this  test  return  the  ISC  mode 
selector  to  the  OFF  position. 


HSI 

ADI 

DTSPUY 

BEFOBS 
TEST 

DURING 
TEST 

S 

U 

DISFUY 

BEFORE 
TEST 

DURING 
TEST 

S 

U 

Gour^n 
Bar 

Otntewd 

Centered 

Bank  Steer 
Bar 

Centered 

Centered 

Csv  Bar 
AJaxs  Plaff 

Out  <tf 
view 

Out  of 
view 

Course 

Warning 

Flag 

Out  of 
view 

Out  of 
view 

Glide  Slope 
Pointer 

Out  of 
view 

Out  of 
view 

Glide  Slope 
Warning 
Flag  ' 

Out  of 
view 

Out  of 
view 

Pitch  Stacr 
Bar 

Out  of 
view 

Out  of 
view 

Figure  5.    MAN  HDG  Self  Teat. 


SYSTQl  OFEKATIONAL  CHECKS. 


ft.     OFF  mode  check  out: 

(1)  Ensure  chat  all  awicches  and  controls  are  in  the 
positions  given  in  Step  2b,  and  that  the  heading  marker 
and  bearing  pointer  are  under  the  upper  lubber  line* 

(2)  With  the  ISC  in  the  OFF  position,  observe  the  ADI  and 
HSI.    On  the  ADI  all  pointers  and  warning  flags  will  be 
out  of  view.    On  the  HSI  the  course  deviation  warning 
flpg  will  be  out  of  view  and  the  course  deviation  bar 
will  be  centered. 


Result  of  Check 

s 

u 

(3)    Move  the  Pitch  Steer  switch  to  the  ALT  REF  position. 

Result:  The  horizontal  steering  pointer  on  the  ADI  will 
come  into  view  and  be  centered. 


Result  of  Check 

s 

u 

(4)    Rotate  the  CADC  Alt  Error  synchro  clockwise.  Result: 
The  horizontal  steering  pointer  will  indicate  a  dive 
coonttand. 


Result  of  caieck 

S 

u 

b.      ILS  mode  check  out: 

(1)  insure  that  all  switches  and  controls  are  in  the  positions 
given  in  Step  2b,  and  that  the  heading  marker  and  bearing 
pointer  are  under  the  upper  lubber  line. 

(2)  Place  the  ISC  mode  selector  to  ILS  and  pitch  steer  switch 
to  ALT  Ref  position.    Hove  the  silhouette  in  roll,  pitch, 
and  azimuth.    Result:    The  ADI,  HSI,  SAI,  and  BBHI 
indications  shall  correspond  to  the  si^i^^U^tte  movement. 


Result  of  Check 

S 

U 

(3)  Place  the  silhouette  in  a  climb  right  wing  low  attitude. 
Result;  Ihe  horizontal  steering  pointer  will  indicate  a 
dive  command  and  then  slowly  decay  to  center. 


ilesult  of  Check 

(4)    On  the  Simulator  Control  Panel*  rotate  the  CADC  Alt. 
Error  synchro  clockwise.    Result;    The  horizontal 
steering  pointer  will  indicate  a  dive  command. 


lipsults  of  Ch«ck 

S 

U 

(5)  Return  the  synchro  dial  to  ZERO. 

(6)  Place  the  Tac an /Localizer  and  Glide  Slope  Flag  switch 
to  FLAG*    Result:    The  course  deviation  warning  flag  on 
the  USX  and  the  glide  slope  deviation  warning  flag  on  the 
ADI  will  go  out  of  view*   '  


fiesults  of  Check 

S 

(7)    Slowly  rotate  the  Glide  Slope  Deviation  control  knob 

counterclockwise.  Result:  The  glide  slope  pointer  will 
raove  towards  center^  when  the  pointer  is  almost  centered 
the  pitch  steer  switch  shall  disengage  itself. 


Results  of  Check 

S 

U 

(8)  Adjust  the  glide  slope  deviation  control  knob  to  keep 
the  glide  slope  pointer  centered. 

(9)  Vary  the  Tacan/Localizer  Deviation  Control  knob.  Result: 
The  course  deviation  bar  movement  shall  correspond  to  the 
movement  of  the  control  knob.    If  the  deviation  is  two 
dots  or  greater  the  horizontal  steering  bar  will  drop  out 
of  view  and  will  not  reappear  until  the  deviation  bar  is 
returned  to  center. 


Results  of  Check 

S 

(10)    Slowly  vary  the  G^lde  Slope  IJeviation  Control  knob* 

Result:    Ihe  horizontal  steering  pointer  and  the  glide 
slope  deviation  pointer  movectent  shall  correspond  to  the 
movement  of  the  control  knob  movement.    When  the  glide 
slope  deviation  is  two  dots  or  greater  the  horizontal 
steering  pointer  shall  go  out  of  view  and  not  return 
until  the  deviation  has  been  reduced  to  zero. 


Results  of  Check 

S 
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(11) 


Vary  the  Magnetic  Courpe  Angle  synchro  dial  clockwise 
and  counterclockwise.  Result:  The  heading  marker  on 
the  HSI  will  follow  the  movement  of  the^s^nchro  dial. 


tiesults  of  Check 

S 

u 

(12) 


Vary  the  Tacan  ^earing  Synchros  clockwise  and  counter- 
clockwise.   Result:    The  bearinfC  pointer  on  the  HSI  and 
PDHI  will  follow  the  movement  of  the  synchro  dials. 


Note:    The  bearing  syndiro  closest  to  the  lX)-From  switch  controls 
the  SDKI  bearing  pointer;  the  other  synchro  controls  the  HSI 
be&rinjc  pointer. 


Hesults  of  Check 

S 

IS 

(13) 


(14) 


(15) 


Move  Che  Tacan  Distance  Heasurlng  Valid  svlcch  to  VALID. 
Result:    Ihe  range  Indicator  wamlns  flags  on  the  HSI 
and  BI^I  shall  S.0  out  of  viev. 


Results  of  Check 

S 

r 

u 

}fov€  the  TtLcan  Distance  Measuring  synchro  dials  as 
follows:    l^uadreds  to  1»  Tens  to  5»  and  Units  to  8. 
Result:    The  HSI  and  B3SHI  distance  counters  shall 
display  158  miles. 


fiesults  of  Check 

Vary  the  HSI  Course  Set  knob  clockwise  and  counter- 
clockwise.   Results    The  vertical  steering  pointer 
shall  deflect  right  for  clock^Tise  movement  and  left 
for  counterclockwise  movement.   


Results  of  Check 

S 

U 

c.     IkCAH  made  check  out: 

(1)  Ensure  that  all  switches  and  controls  are  in  the  positions 
giveiti  in  Step  2b»  and  that  the  heading  marker  and  bearing 
pointer  are  under  the  upper  lubber  line. 

(2)  ?lace  the  mode  selector  on  the  ISC  to  TACAN  and  the 
Pitch  Steer  switch  to  ALT  REF. 


^1-9  J 


(3) 


(4) 


(5) 


(6) 


Place  Che  Ta can /Localizer  Flag  switch  to  FLAG.  Result: 
The  ADZ  course  warning  and  the  HSI  course  deviation  flag 
will  go  out  o£  view. 


— 

>8ult  of  Check 

3 

V 

Rotate  the  Tacan/ Localizer  deviation  control  knob  clock- 
wise.   Result;:    The  vertical  director  pointer  and  the  HSI 
course  deviation  bar  will  deflect  to  the  right. 


Results  of  Check 

S 

U 

Rotate  the  Kagnetic  Course  Angle  synchro  m  the  cloclcwise 
direction.    Result:    the  HSI  heading  marker  movement  shall 
correspond  to  the  movement  of  the  synchro  dial. 


Results  of  Check 

S 

U 

Rotate  the  Tacan  Bearing  synchro  dials  in  a  cloclcwise 
and  counterclockwise  direction.    Results:    the  BDHI  and 
HSI  bearing  pointers  shall  follow  the  movement  of  the 
dials. 


Note:  Ihe  BDHI  will  respond  to  the  synchro  dial  closest  to  the 
To-From  switch,  and  the  HSI  will  follow  the  other  synchro. 


(7) 


(8) 


(9) 


Results,  of  Check 

S 

U 

Place  the  Tacan  Distance  Measuring  Valid  switch  to  VALID. 
Results:    the  range  warning  flags  on  the  HSI  and  BDHI 
will  go  out  o£  view. 


Results  of  Check 

S 

Rotate  the  Tacan  Distance  Measuring  synchros  to  the 

following  positions:    Hundreds  to  1»  tens  to  2,  Units 

to  7.  Results:  Both  the  HSI  and  BDHI  ranse  indicators 
will  read  127. 


Results 

of  Check 

S 

U 

Rotate  the  CADG  Altitude  Error  synchro  dial  clockwise. 
Results:  The  horizontal  pointer  shall  indicate  a  div^ 
cofflDkand. 


Results  of  Check 

S 
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MO 


(10) 


Verify  that  the  HSI  To-From  arrow  indicates  TO*  Place 
the  lO/From  switch  on  the  simulator  panel  to  FH0H*  Results. 
The  To-From  arrow  shall  indicate  From* 


Besults  of  Check 

(11)    Verify  the  glide  slope  pointer  is  inactive  (Out  of  view) 
and  the  glide  slope  warning  flag  is  out  of  view* 


Results  of  Check 

S 

u| 

d«      MAN  HDG  mode  check  out: 

(1)  Easure  that  all  switches  and  controls  are  in  the  positions 
given  in  Step  2b »  and^that  the  heading  marker  and  the 
bearing  pointer  are  under  the  upper  lubber  line, 

(2)  Place  the  ISC  mode  selector  to  HAN  HDG  and  the  Pitch 
Steer  switch  to  ALT  R£F, 

(3)  Botace  the  Tacan  Bearing  synchro  dials  clockwise  and 
counterclockwise.    Result:    The  bearing  pointers  on  the 
HSI  and  BDHI  shall  follow  the  movement  of  the  synchro 
dials. 

Note:    The  synchro  closest  to  the  TO-FROM  switch  controls  the 
aovttttent  of  the  BDHI  pointer  while  the  other  synchro  controls  the 
BSI  pointer. 


Result  of  Check 

(4) 


Rotate  the  Heading  Set  knob  on  the  HSI  clockwise  until 
the  heading  marker  is  set  to  030  degrees*    Result:  The 
vertical  steering  pointer  on  the  AD'^  shall  indicate  a 
right  steering  connand. 


Results  of  Che<»lc 

3 

<5) 


Loosen  the  silhouette  locking  knobs  and  bank  the 
silhouette  to  the  right*    Result:    This  action  will  cause 
the  vertical  steering  pointer  to  move  towards  its  center 
positiont    After  the  vertical  steering  pointer  is 
centered,  rotate  the  silhouette  clockwise  (maintaining 
the  correct  amount  of  bank  to  keep  the  vertical  steering 
pointer  centered)  until  the  heading  marker  is  under  the 
upper  lubber  line. 
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Results  of  Check 

s 

u 

^091 


(6)    Rotate  the  CA0C  Altitude  Error  synchro  dial  clockwise. 
Result:    The  horizontal  steering  pointer  shall  Indicate 
a  dive  command*   


Results  of  Check 

S 

u 

e.     TKK  RV  mode  check  out: 

(1)    Ensure  that  all  switches  and  controls  are  In  the  positions 
given  In  Step  2b,  and  that  the  heading  marker  and  bearing 
pointer  are  under  the  upper  lubber  line. 


(2)    Place  the  Pitch  Steer  switch  to  the  ALT  REF  position- 


(3)    Place  the  ISC  mode  selector  to  TKR  RV.    Result:  The 
Pitch  Steer  switch  will  disengage  to  the  OFF  position- 


iResults 

of 

Check 

s 

u 

(4)    Rotate  the  Tacan  Bearing  synchro  dials  clockwise  and 
counterclockwise.    Result:    The  bearing  pointers  on  the 
HSI  and  BDHI  will  follow  the  movement  of  the  synchro 
dials. 

Note:    The  BDHI  will  respond  to  the  synchro  dial  closest  to  the 
TO/FSDM  switch,  and  the  HSI  responds  to  the  other  synchro. 


Results  of  Check 

3 

U 

(5)    Place  the  Tacan  Distance  Measuring  Valid  switch  to  VALID. 
Result:    The  range  Indicator  warning  flags  on  HSI  and  BDHI 
shall  go  out  of  view. 


Results  of  Check 

S 

U 

(6)    Riitnte  the  TaCan  Distance  Measuring  synchro  dials  to  the 
t'olK>wliig  jH^sltlofls:    Hundreds  to  1,  Tens  to  5,  Units  to 
8.    Result:    The  range  Indicators  on  the  HSI  and  BDHI 
shall  Indicate  158. 


Sesults  of  Check 

S 

U 
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(7)    Loosen  the  silhouette  locking  knoba  and  rotate  the 

silhouette  counterclocfcwl3e  in  azimuth.  Result:  The 
ADI  and  HSI  will  respond  to  the  movement  and  ghow  th<t 
nev  heading,  and  the  vertical  steering  pointer  on  the 
ADI  shall  indicate  a  right  steering  contmand. 


(9) 


(10) 


(11) 


(12) 


(13) 


(8)    Place  the  silhouette  in  a  right  bank. 


Results 

of  Check 

s 

u- 

Result; 

The 

Results 

of 

Check 

s 

U 

Now  rotate  the  silhouette  clockwise  until  che  HSI  is 
reading  000  degrees.    Result:    The  ADI  and  will 
respond  to  the  movement  in  azimuth,  and  the  vertical 
steering  pointer  on  the  ADI  shall  indicate  a  left 
steering  command. 


Results  of  Check 

3 

U 

Return  the  silhouette  to  level*  Result:  The  vertical 
steering  pointer  on  the  ADI  shall  return  to  center > 


Results  of  Check 

3 

U 

■ 

Rotate  the  Target  Bearing  synchro  dial  clockwise. 
Result:    The  HSI  heading  marker  shall  move  clockwise 
the  same  amount  the  synchro  dial  was  turned,  and  the 
vertical  steering  pointer  on  the  ADI  shall  indicate 
a  right  steering  command* 


Results  of  Check 

U 

Place  the  silhouette  in  a  right  bank*  Result:  The 
vertical  steering  pointer  will  center* 


Results  of  Check 

S 

u 

Rotate  the  silhouette  in  azimuth  until  the  heading 
marker  is  under  the  upper  lubber  line.    Result:  The 
vertical  steering  pointer  shall  indi 
comstand  * 


e  a 

left 

steering 

Results 

of  Check 

S 

U 
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(14) 


(15) 


Return  Che  silhouecce  to  level.  Result:  The  vertical 
steering  pointer  shall  return  to  center. 


Results  o£  Check 

,s 

u 

Rotate  the  Pitch/Xilt  synchro  dial  clockwise*  Result; 
The  ADI  horizontal  steering  pointer  shall  Indicate  a 
climb  couBXiand. 


Hesults  of  Check 

s 

u 

(16)    Position  the  silhouette  In  a  WSE  UP  attitude*  Result: 
The  ADI  horizontal  steering  pointer  shall  center 
momentarily  then  decay  to  a  climb  steering  coniiiu?n  a » 


Results  of  Check 

S 

u 

(17)    Rotate  th«  True  Ground  Track  synchro  dial.  Result: 
The  HSI  course  arrow  and  counter  movenent  shall 
correspond  to  the  movement  of  the  synchro  dial* 


Results  of  Check 

S 

(18)    Place  the  silhouette  In  the  level  position  and  secure 
the  locking  knobs>  and  return  all  switches  and  controls 
to  the  positions  given  In  Step  2b*    Now  you  will  begin 
to  troubleshoot  the  Flight  Direct  system  for  malfunctions* 
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6.      TROUBLESHOOTING  USING  THE  PSM-6  MULTIMETER 

There  are  two  parts  to  troubleshootings    (a)    Identification  of  the 
malfunction  and  (b)    Location  of  each  malfunction  ualng  a  multimeter^ 

a.*      Identification  of  malfunction:    The  nine  (9)  malfunctions 
placed  in  each  trainer  are: 

Altitude  reference  will  not  engage 

Distance  unit  digit  Inoperative 

Course  deviation  Indicator  inoperative 

To'^Prom  arrow  inoperative 

Vertical  steering  pointer  in  view  at  all  tines  * 

Heading  marker  seeks  30  or  210 

Course  warning  flag  in  view  at  all  times 

Glide  slope  pointer  in  view  at  all  times 

Horizontal  pointer  in  view  at  all  times 

Each  of  the  nine  (9)  malfunctions  must  be  matched  with  the  correct 
trouble  switch  number  from  the  chart  on  page  20. 

(1)  Procedure  for  malfunction  identification « 

(a)    Co^  the  trouble  switch  numbers  for  your  trainer 

(from  the  chart  on  page  20)  in  the  left  hand  column 
of  the  chart  on  page  21. 

(2)  Place  one  of  the  trouble  switches  to  the  IN  position. 
(It  is  important  that  only  one  switch  be  in  the  IN 
position  at  a  time.) 

(3)  Repeat  the  Instructions  given  for  the  system  operational 
checks  (Section  5)  until  the  correct  malfunction  is  noted* 

(4)  Record  the  Indicated  malfunction  on  the  chart>  to  the 
right  of  the  proper  switch  number. 

(5)  Place  that  trouble  switch  to  the  OUT  position. 

(6)  Repeat  steps  X  througih  5  for  each  of  the  trouble 
switches. 
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b*      Location  of  malfunction  using  a  multimeter*    In  the  following 
steps  you  will  utilize  the  Flight  Director  schematic  diagram 
to  determine  the  cause  of  each  malfunction*    Do  not  analyze 
the  malfunction  identified  by  an  asterisk  on  the  trouble 
switcli  chart.    The  procedure  to  follow  in  locating  the  re* 
mdlning:  etgt^^  (3)  malfunctions  Is^ 

(1)  Analyze  the  malfunction  using  Fligiit  Director  scliemntlc* 

(2)  Check- your  analysis  with  a  PSM-6  multimeter,  all  checks 
will  be  power  "ON"  voltage  checks. 

(3)  Record  the  cause  of  the  malfunction  and  its  exact  loca- 
tion on  the  chart  provided*    An  example  of  your  entry 
should  read:    open  test  points  156  and  32*    The  causes 
of  the  malfunctions  will  be  opens,  shorts  and  crossed 
wires . 

Note:    This  concludes  the  workbook  for  those  students  enrolled 
in  the  3ABR32632B,  Integrated  Avlonic  Systems  Specialist  Course, 
return  all  materials  to  the  instructor^    Those  students  in  the 
Avionics  Instrument  Systems  Specialist  Course,  3ABR32531,  are 
required  to  complete  the  remainder  of  the  workbook* 

BENCH  CHECK  OF  THE  HSI 

During  the  final  portion  of  this  workbook  you  will  use  the  AN/ 
ASM-159  Flight  Director  System  Component  Test  Set,  an  HSI  and  the 
operating  instructions  for  the  Test  Set  to  bench  check  the  assigned 
indicator*    Read  the  operating  instructions  over  carefully,  then  set 
the  controls  and  monitor  the  indications  specified  in  the  instructions 
for  each  section  to  be  tested*    Be  particularly  careful  when  connecting 
and  disconnecting  the  cannon  plugs  so  as  not  to  damage  the  cannon  plug 
pins* 

CAUTIOKi    OBSERVE  ALL  SAFETY  PRECAUTIONS* 

If  you  have  a  problem  or  do  not  obtain  the  specified  indications, 
call  your  instructor  for  assistance*    Upon  completion  of  the  entire 
check,  have  your  instructor  check  yotir  answer  sheet  and  sign  off  the 
criterion  objective  before  disconnecting  the  test  set  and  putting  it 
avay* 

Procedure  for  using  the  Flight  Director  Test  Set  during  bench 
check* 

a»      The  specific  procedures  to  follow  are  given  in  the  operating 
instructions  for  the  Flight  Director  Test  Set* 

b*      As  you  complete  each  part  of  the  Test  Set  operating  instruc- 
tions, check  the  responses  below  and  answer  them  as  required* 

Part  1.    Old  the  mode  lights  operate  satisfactorily?  C^es-Ho) 
If  you  answered  ^o  which  Jights  did  not? 


Part  2*  Did  the  Distance  Counter  operate  normally?  (Yes-No) 
If  you  answered  No»  which  part  did  not? 


Tart  S*    ni<l  the  Hearing  Pointer  operate  iiornuilly?  (Yes-Nc) 
It  you  answered  Ho,  what  waa  wrong? 


Part  4«    Did  the  Course  Pointer  operate  normally?  (Yes^o) 
If  you  answered  No»  what  was  wrong? 


Fart  5*  Did  the  Heading  Marker  operate  normally?  (Yes*No) 
If  you  answered  Ao,  what  waa  wrong? 


Fart.  6«  Did  the  Heading  Error  Slcnal  cause  correct  movements? 
(Yes-Ho) 


Part  7«    Did  the  To-From  arrow  and  the  Course  Deviation  Bar 
operate  normally?  (Ycs*No) 
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Frame 

i 

Frame 

0 

7 

Frame  1/ 

Krame  21 

Frame  29 

a. 

a. 
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a. 
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c. 

b. 

Frame  15 

d. 
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a. 
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d. 

3. 

2, a, 
b, 
c. 

4. 

c, 
d. 

5. 

d. 

SOLDERING  TECH. 
&  SOLDERLESS 
CONNECTORS 
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TECHNIQUES,  AND  SOLDERLESS  CONNECTORS 
(LAB  SHEET) 


Special  Tools 
Part  A 


1*    No  Response 

2,  a*  

3*  a*  


No  Response 

5*  a*  

6*   

7*  a* 


8*  a*^  

The  rest  of  the  responses 
are  PERFORMANCE  ONLY, 

Safetylng  Devices 
Part  B,  Section  A 


1. 

U. 

Section 

C    Section  D 

2, 

15. 

1. 

Fig.  A 

3. 

16. 

2. 

1. 

4. 

17. 

3. 

2. 

5. 

18. 

4.  . 

3. 

6. 

19. 

5. 

4. 
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Section 
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5. 
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1. 
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3. 
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2. 

11. 
12. 

4. 
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3. 

13. 

5. 
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7. 
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4. 
5. 
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Soldering  Techniques  and 
Solderless  Connectors 
Part  C 

Exercise  I 

a.  (1)  

b.  (1)  

(2)  

(3) 


c*  Performance 
d*  Performance 

(1)   

(2) 


(3)  Performance 
f ^  (1)  Performance 

(2)  Performance 

(3)  Performance 

Exercise  II  and  III 
are  both  performance 

Exercise  IV 

1^  a.  (1)  

b.  (1) 


The  remainder  of  exercise  IV 
Is  all  performance* 
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